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AUTHOR'S  PREFACE. 


I  FEEL  cODEtraincd  to  say  a  few  brief  ■words  as  a  preface  to  the  worE  , 
whidi  has  just  been  completed,  not  in  the  spirit  of  egotism  or  to  make 
excuses,  bnt  to  ask  for  this  book  a  candid  and  impartial  hearing, — a  ftiU 
and  just  consideration  of  its  theories,  as  well  as  its  facts,  before  judgment 
is  prononnccd  npon  its  merits  collectively,  or  its  individual  idiosyncrasy. 

The  great  body  of  the  book  treats  on  pnietiea!  snbjects,  presenting  facts 
ss  they  exist,  in  paljtable  and  unmistakable  form.  This  matter  ia  gene- 
rally original,  and  was  collected  with  much  time  and  labor  by  both  the 
author  and  the  publisher,  as  well  as  by  their  agents;  and  on  these  there 
v*n  be  no  diflerence  of  opinion;  but  in  connection  there  are  other  subjects, 
■which  admit  of  many  explanations  and  on  which  many  theories  exist. 

In  treating  these  subjects,  I  have  Bo!ccte<l,  according  to  tlie  liest  of  my 
jodgment,  and  adopted  those  which  appear  to  be  most  consistent,  witliODt 
attacking  th(»e  which  are  reapectfolly  declined. 

I  have,  however,  adopted  several  new  theories,  which  may  be  presented 
to  the  mind  of  the  reader  at  first  sight  as  strange  and  without  support  in 
&ct.  But  I  ask  an  impartial  and  patient  examination,  since  the  subjects 
presented  are  eminently  worthy  of  consideration,  and,  if  I  am  correct,  no 
hasty  decision  can  make  them  less  true;  while  the  examination. of  new 
theories  on  new  and  untrodden  ground  is,  at  least,  as  profitable  as  the 
discussion  of  old  ones,  which,  though  investigated  from  all  points,  still 
remain  unsatisfactory  and  indefinite,  and  capable  of  numerous  explanations, 
no  two  of  which  agree. 

Three  new  and  principal  propositions  are  here  set  forth: — 

First,  thai  the  malenal  forming  both  the  Azoic  and  Pakeozoic  Jormationt 
of  Vie  earth  are  almost  exchmvely  and  directly  from  volcania  eourcee. 

Second,  thai  voloanio  and  subterranean  heat  produced  the  vapors  or  gaaet 
which  resulted  in  pdroleum,  naphiha,  efc. 
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Third,  that  tie' Hydro-carbons,  in  the  shape  of  naphtha,  petroleum,  and 
their  resting  bibxmen,  formed  mineral  coal. 

Nature  lu^%t^n  a  busy  worker,  and  her  creations  are  not  as  old  as 
geology  w^mUmake  them.  I  was  led  to  these  conclusions  irresistibly  by 
the  &ct9.j>i^Bsented,  after  a  careful  and  extensive  practical  examination, 
rathe^' against  my  former  opinions;  but  now  that  I  have  followed  the 
NA^bskx  PROCESSES  from  point  to  point,  and  found  aU  the  coincidents  to 
^g;ree  harmoniously  without  the  necessity  of  calling  miracle  and  phe- 
/•nbmenon  to  my  assistance,  I  do  not  hesitate  to  offer  the  forgoing  ^Hheoiies" 
.  V  as  substantial  &cts;  but  for  them  I  alone  am  responsible. 

In  preparing  this  work,  Mr.  Bannan,  the  associate  author  and  publisher, 
has  rendered  valuable  assistance  in  furnishing  much  of  the  data,  in  pre- 
paring many  of  the  statistical  tables,  in  reading  and  correcting  proof,  in 
furnishing  liberally  material  aid,  and  by  using  every  available  means  to 
expedite  the  work  and  make  the  book  practical  and  valuable. 

The  copy  and  drawings  have  been  produced  by  the  writer,  who  is 
responsible  for  errors  of  omission  and  commission.  I  am  aware  of  many 
such  mistakes;  but  I  have  faithfully  endeavored  to  be  correct  and  con- 
sistent, and  feel  confident  that  the  work  will  meet  with  a  satis&ctory 
reception  from  the  candid  and  impartial  reader. 

S.  H.  D. 

PoTTfY^JJ^  January,  1866. 


PUBLISHER'S  PREFACE. 


The  work  which  I  have  now  the  pleasure  of  introducing  to  the  public 
has  been  long  contemplated  and  promised;  but  the  many  difficulties  of 
preparing  a  book  of  this  character  have  delayed  its  publication  to  the 
present  time^  which  perhaps  may  be  the  proper  moment^  since  the 
demands  and  the  promises  of  the  future  both  require  the  work  and  encou- 
rage the  realization  of  its  precepts. 

My  own  pressing  and  oonstantly^uxmmalating  duties  in  conducting  the 
publication  of  the  '^Mineb's  Journal'^  and  an  extensive  business  esta- 
blishmenty  left  no  time  to  prepare  and  arrange  the  large  amount  of  sta- 
tistical and  practical  data  on  mining  matters  which  has  been  collected  in 
this  office  for  the  last  thirty-five  years;  and  I  took  the  first  opportunity 
to  secure  the  services  of  a  practical  miner  and  engineer^  in  the  person  of 
Mr.  Daddow,  to  assist  me  in  presenting  it  in  book  form  to  the  public. 

In  this  work  Mr.  Daddow  has  elaborated  the  subject  much  beyond  my 
original  intention  or  expectation,  and  has  become  practically  the  author, 
since  he  has  written  all  or  most  of  the  copy,  and  prepared  all  the  sections, 
maps,  and  plans  to  illustrate  the  subjects  presented.  His  practical  expe- 
rience in  mining  matters,  and  extensive  acquaintance  with  all  or  most  of 
the  OOAL.,  LBON,  and  oil  formations  of  this  country,  make  him  peculiarly 
fitted  for  the  work;  and  I  feel  confident  it  will  meet  with  general  approba- 
tion. 

In  regard  to  the  new  theories  presented,  I  do  not  commit  myself  posi- 
tively; but,  since  nothing  better  than  theory  exists  on  those  subjects,  and 
none  of  the  many  theories  agree  or  account  for  all  the  fiicts  and  coincidents, 
I  feel  like  giving  support  to  any  new  theory  which  promises  better  results, 
as  I  believe  those  herein  presented  do. 

The  main  portion  of  the  work,  however,  presents  facts  and  such 
original  information  as  we  have  been  able  to  collect  by  an  extensive 
canvass   to  the   latest  date.     These  cannot  fail   to  be  interesting  and 
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instroctive  generally,  and  nseful  especially  to  the  trades  and  operations 
represented. 

While  the  cost  of  preparing,  electrotyping,  and  issuing  this  book  has 
much  exceeded  my  estimates  and  expectations,  I  feel  gratified  in  being 
able  to  present  the  first  book  ever  published  which  presents  in  a  practical 
manner  both  the  extent  and  character  of  oar  mineral  resources  and  the 
means  of  their  development.  Taylor's  "Statistics  of  Coal,"  which  is  an 
eminently  valuable  and  practical  work,  but  now  out  of  print,  gives  only  a. 
simple  and  partial  statement  of  the  extent  of  our  coal-fields  and  their 
trades;  and  while  l^Ir.  Taylor  was  an  accomplished  and  practical  engineer, 
be  did  not  pretend  to  give  instructions  in  mining,  or  to  trace  and  identify 
our  coal-beds  or  the  coal-fields. 

The  ponderous  and  costly  volumes  of  our  State  Survey,  by  Prof.  H,  D. 
Rogers,  contain  a  vast  amount  of  useful  information  and  scientific  learning, 
but  to  the  practical  industry  of  our  country  they  remain  a  dead  letter. 
We  have  endeavored  to  be  brief,  plain,  practical,  and  explicit,  and  to 
present  &ciB  without  color  or  rhetorical  flourish,  and  devoid  of  technicali- 
ties and  mere  scientific  phrases  when  simple  words  would  best  express  the 
meaning. 

We  hope  thus  to  make  the  work  popular,  and  as  interesting  and  in- 
structive to  the  general  reader  as  useful  and  necessary  to  the  miner,  the 
manu&cturer,  and  the  mechanic.  The  book  is,  therefore,  confidently 
ofiered  to  the  public,  not  only  to  meet  the  demands  of  the  times,  but  with 
a  hope  that  it  may  inspire  our  people  with  a  more  consistent  and  uniform 
spirit  in  the  development  of  our  mineral  resources  and  manufiicturing 
industiy. 

B.B. 

Mutsb's  Jocbxal  OmcE,  Pottsvillb,  January,  1866. 
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God,  in  his  wonderful  providenoe,  has  blessed  onr  oonntiy,  above  all 
otheiB,  with  the  most  magnificent  profusion  of  mineral  wealth.  When 
oompared  with  the  most  favored  lands,  where  ooal  and  iron  are  essential 
elements  of  national  wealth  and  greatness,  our  country  &r  surpasses  them 
all  in  her  exhaustless  resources,  not  only  of  those  great  and  controlling 
elements,  but  all  the  essentials  to  national  strength  and  power  which 
make  an  industrious  people  wealthy,  prosperous,  and  respected. 

In  every  aspect  in  which  we  view  the  wonderful  resources  of  our 
ooontiy,  we  find  cause  for  gratulation  and  admiration,  whether  we  con- 
template the  productions  of  the  soil,  or  the  vast  extent  and  richness  of  the 
mmeral  kingdom ;  the  wide  and  varied  scenes  of  its  distribution,  or  the 
t<qx)graphical  features  and  fiicilities  for  its  development.  These  resources, 
however,  are  rivalled  by  the  physical  proportion^  of  the  land  which  we 
cuinot  cease  to  laud  and  admire, — ^whose  limits  extend  from  ocean  to 
ocean,  and  occupy  one-eighth  (^)  of  the  habitable  world,  within  the 
temperate  zones. 

We  may  be  allowed  to  speculate  a  moment  on  the  providence  which 

preserved,  throughout  the  darker  ages,  a  land  so  evidently  favored  with 

all  the  natural  blessings  and  provisions  for  the  good  and  welfiu*e  of  man. 

2  ir 
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We  cannot  feil  to  recognize  that  universal  Wisdom  which  orders  events 
from  the  beginning  and  provides  for  the  destinies  of  nations  before  the  era 
of  their  existence.  With  this  &ith  as  a  foundation^  we  may  justly  hope 
TO  come  out  of  our  present  day  of  trial  and  pain  like  gold  tried  in  the 
fire;  with  the  country  we  love  united  in  one  common  destiny^ — ^pnrer, 
richer,  dearer  for  the  incalculable  price  of  precious  blood  and  the  immense 
amount  of  treasure  it  has  cost  us. 

But  our  task  is  eminently  a  practical  one,  and  we  neither  expect  nor 
WLsh  to  indulge  in  speculative  digressions.  The  work  before  us  is  one 
of  fiu!t  and  figure, — ^usually  "dry''  work;  but  we  hope  to  make  it  in- 
teresting to  the  general  reader,  as  well  as  useful  to  the  professional  and 
practical. 

The  distribution  of  coal  and  iron — and  at  the  present  day  we  must  noi 
omit  oil — ^throughout  North  America,  but  more  particularly  the  United 
States,  is  wonderfully  general  and  impartial.  On  consulting  the  maps, 
it  will  be  noticed  that  our  coal  deposits  dot  the  features  of  this  country 
from  ocean  to  ocean,  and  in  some  cases  their  immense  extent  almost 
obscures  the  sur&oe  of  entire  States.  Of  our  three  million  square 
miles  of  superficial  area,  the  known  deposits  of  coal  occupy  200,000,  or 
one-fifleenth  (^)  of  the  entire  area ;  while  the  existence  of  other  immense 
fields  not  yet  explored  is  unmistakable. 

In  comparison  with  other  coal-producing  countries,  this  ranks  not  only 
first,  but  far  superior  in  that  respect  to  all  others. 

The  United  States  has  one*  square  mile  of  coal  to  every  15  square  miles 
of  territory. 

Great  Britain  has  one  for  every  20  square  miles  of  superficial  area. 

Belgium  has  one  to  every  22  J  square  miles  of  surface.  ' 

And  France  has  one  square  mile  of  coal  to  every  200  square  miles  of 
territory. 

The  value  of  coal  to  those  possessing  and  utilizing  it  is  made  manifest 
by  their  prosperity  and  the  wealth  and  power  of  communities  and  nations 
whose  economy  is  largely  influenced  by  its  trade  or  dynamic  value. 

England  furnishes  the  most  prominent  instance;  and  English^  cities 
located  on  or  near  coal,  or  within  its  direct  influence,  flourish,  while  older 
and  formerly  more  prominent  places  decline.  We  may  mention  Glasgow, 
Manchester,  Birmingham,  Leeds,  Sheffield,  and  last,  but  not  least,  New- 
castle-on-Tyne.  To  what  can  we  attribute  the  astonishing  growth  of 
those  cities,  or  the  declining  condition  of  Canterbury,  Winchester,  Salis- 
bury, and  other  towns  in  the  south  of  England,  but  to  the  presence  op 
absence  of  coal? 

But  we  need  not  look  abroad  for  instances  of  its  influence  on  cities  and 
communities,  when  so  many  of  our  own  cities  and  towns  owe  their  growth 
and  prosperity  to  the  proximity  or  availability  of  coal.    It  is  true  that 
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other  causes  have^  in  many  instances,  given  a  wonderfbl  impetus  to  the 
birth  and  growth  of  towns  and  cities  in  the  New  World.  But  as  the  true 
promoter  of  progressive  and  permanent  development,  coal  is  pre-eminently 
the  first  in  value  or  dynamic  effect  of  all  our  minerals,  or  the  means  of 
converting  them  to  our  use  and  comfort. 

"  If  you  would  see  what  coal  can  do  for  a  people  who  turn  it  to  foil 
account,  look  at  Pittsburg,  a  city  of  150,000  inhabitants,  built  up  by  its 
mines  of  coal.  There  are  no  drones  in  its  hive;  heads  and  hands  are  busy. 
It  lost  $30,000,000  by  the  Rebellion,  without  shaking  its  credit.  No  city 
on  this  continent  contains  more  solid  wealth  in  proportion  to  its  population. 
Its  prosperity  is  permanent,  for  it  is  based  upon  the  creation  of  new  values. 
Possessing  in  its  coal  the  creative  power,  it  stretches  out  its  mighty  arms 
and  gathers  the  wealth  of  half  a  continent  into  its  lap.  It  brings  to  its 
furnaces  and  forges  the  iron  and  copper  of  Lake  Superior;  glass-sand  from 
New  England,  Missouri,  and  Illinois;  lead  from  Wisconsin  and  Missouri; 
zinc,  brass,  and  tin  from  beyond  the  seas.  You  pass  through  its  gigantic 
establishments,  and  are  amazed  at  the  variety  and  extent  of  their  perfected 
productions.  Yet  all  these,  from  the  most  delicate  fitbric  of  glass  to  the 
ponderous  cannon  and  steam-engine,  are  in  the  coal  which  underlies  the 
smoky  hills  of  Pittsburg."* 

THE  DYNAMIC  VALUE  OP  COAL. 

Rogers,  in  his  Greology  of  Pennsylvania,  has  given  a  very  curious  state- 
ment of  the  force  or  power  derived  from  the  combustion  of  certain  amounts 
of  coal,  which,  while  it  presents  an  approximate  estimate  and  conveys  to 
the  mind  an  idea  of  the  mechanical  force  thus  derived,  is  very  erroneous  in 
gtatoment  and  fact.  He  estimates  the  average  duty  of  the  improved  Cornish 
puniping-engine  as  equivalent  to  100,000,000  pounds  lifted  one  foot  high 
by  the  consumption  of  one  bushel,  or  84  pounds,  of  coal,  and  then  takes 
tlie  maximum  duty  as  125,000,000  under  the  same  circumstances.  By 
dividing  the  bushel  of  84  pounds  into  the  maximum  duty,  125,000,000, 
he  makes  one  j)ound  of  coal  raise  1,500,000  pounds  one  foot  high,  or 
Ojuivalent  to  the  labor  of  a  strong  man  on  the  tread-mill  during  10  hours; 
and  thu-s  he  estimates  that  (4)  four  tons  of  coal  is  equal  to  twenty  years  of 
manual  lalx)r,  or  an  avemj^e  lifetime  of  hard  work.  Bv  this  inixonious 
estimate,  10,000,000  tons  of  coal  are  made  to  supply  England  each  year 
with  a  mechanical  force,  as  applied  to  the  production  of  steam,  equal  to 
3,50<J,(KX)  fresh  men  laboring" through  20  years. 

We  give  this  singi^lar  statement,  not  only  for  the  purpose  of  correcting 
it, — since  it  has  been  widely  circulated, — but  to  show  that  even  a  practical 
application  of  this  force,  as  applied  to  mechanical  effect,  will  increase  the 
value  of  manual  labor  a  hundredfold. 


*  Letter  of  Professor  Daniels  to  the  Chicago  "Tribune." 
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The  average  ^'dutT^'  of  35  Cornish  pumping-engines  at  work  in  En( 
land  daring  1864  was  500,000  pounds  lifted  one  foot  high  with  a  ooi 
samption  of  one  pound  of  coal.  But  in  an  estimate  of  this  character  in 
cannot  assume  even  the  average  consumption  of  the  Cornish  engine  to  I 
the  rule,  since  the  consumption  of  coal  to  the  power  produced,  by  tl 
ordinary  English  engines,  is  at  least  double.  We  presume  that  200,00 
pounds  lifted  one  foot  high  by  the  combustion  of  one  pound  of  coal  i 
nearer  to  the  rule  than  the  exception. 

But  we  will  place  our  figures  still  lower,  and  make  10  pounds  of  coa 
as  applied  to  the  production  of  mechanical  power  through  the  agency  o 
steam,  as  equal  to  a  day's  work,  or  1^  tons  of  coal  as  equal  to  a  year  o 
manual  labor.  10,000,000  tons  of  coal,  thus  applied,  adds  to  the  pre 
ductive  labor  of  England  a  force  equal  to  the  exertion  of  7,500,000  fies! 
men  annually ! 

The  amount  specified, — 10,000,000  tons, — as  used  for  the  productio 
of  steam  in  England,  is,  perhaps,  much  below  the  actual  consumptioi 
It  is  estimated  that  100,000,000  tons  of  coal  were  produced  by  the  mine 
of  Great  Britain  in  1864,  or  nearly  90,000,000,  as  sent  from  the  mine 
But  all  practical  miners  are  aware  that  a  large  amount  of  coal  is  consume 
at  the  mines. 

In  1861  the  production  of  the  great  northern  coal-field,  in  Northumbei 
land  and  Durham,  was  21,777,570  tons.  Of  this  amount,  19,077,570  tor 
were  sold  or  sent  from  the  mines,  leaving  2,700,000  burned  for  home  ooi 
sumption  and  wasted  at  the  mines.  The  same  proportion  used  at  the  mini 
generally  would  swell  the  amount  to  over  100,000,000.  This  vast,  alma 
incomprehensible,  mass  of  coal  has  been  produced  by  300,000  men  an 
boys  at  3000  collieries. 

In  1861  the  number  of  collieries  in  Great  Britain,  and  their  productioi 
were: — 

England 2074  collieries 63,870,123  tons. 

Wales 481         "       8,561,021    « 

Scotland 424        "       11,081,000   " 

Ireland _7S        "      123,070   " 

3052        "  83,635,214   " 

The  number  of  collieries  is  constantly  decreasing^  though  their  pn 
ductions  are  increasing.  In  1860  there  were  13  collieries  more  than  i 
1861,  while  the  production  of  coal  was  one  million  of  tons  less. 

The  great  northern  coal-field,  in  Northumberlajid  and  Durham,  is  tl 
greatest  coal-producing  district.  In  1861  there  were  271  collieries  i 
operation,  employing  nearly  50,000  men  and  boys,  while  the  productio 
and  distribution  of  coal  from  these  collieries  were: — 
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House  Mial.  for  domestic  uses 4, 493, -150  tons. 

Gwcod 1,717,000     " 

StesM  coal,  small  and  maniifiiclaring  coal— 4,317,120     " 

Distributed  on  lines 2,300,000     " 

Coke  consanied  in  iron  trade fi,000,000     " 

MMiafacturing 1.250,000     " 

CoUiciy  aad  bome  consumption 2,200,000     " 

ffsflte  at  collieries 500,000     " 

21,777,570     " 

f  The  above  is,  perhaps,  an  average  distribution  of  the  Engliah  conls,  and, 
it  will  be  noticed,  over  one-fifth,  or  6,0013,000,  of  tliis  amount, — included 
ID  sleaiu,  manufacturing,  and  line  eonsumption, — is  made  use  of  for  the 
production  of  etenm.  From  this  data  we  may  safely  estimate  tliat  one- 
tenth,  or  10,000,(K)0  tons,  of  the  entire  production  of  Great  Britain  is 
applied  to  mechanical  purposes  in  labor-saving  operations.  The  estimate, 
Utcrcforp,  which  makes  the  coal  of  England  add  to  her  resources  of  labor 
the  equivalent  of  7,500,000  strong  men  per  annum,  is  not  esagRerated. 

In  fiict,  when  we  consider  the  processes  by  which  our  forefathers  elabo- 
rated their  metals  and  produced  their  weapons  of  defence  or  articles  of 
general  utility  with  their  "stone-hammers"  and  "water-blast,"  we  esin 
form  a  alight  conception  of  the  value  of  coal  for  other  uses  than  the  pro- 
dnction  of  steam.  It  has  been  the  great  means  of  facilitating  invention 
and  prt^ression, — the  '^Philosopher's  Stone,"  which  haa  turned  all  it 
touched  to  value  or  use. 

TfauB,  the  dynamic  value  of  the  coal  which  natnre  has  stored  op  in  otur 
mountains  is  beyond  caJculatioD,  The  latent  power  which  puts  in  motioQ 
the  great  forces  of  nature  is  heat;  and  the  most  available  means  of  exerting 
that  power,  within  the  economy  of  nature,  at  the  disposal  of  man,  is  in  tite 
cubos  of  our  coal-beds. 

We  cannot  dismiss  this  sabject  witJiout  ^ving  a  practical  illustration  of 
the  Taioe  of  cool  in  the  production  of  8t«am  as  exerted  in  labor-saving 


Not  many  years  ago— as  late  as  1842-60 — ^women  were  employed  in  the 
^itish  collieries  transporting  coal  from  the  mines  to  the  sur&ee.  The 
loads  tfa^  carried  were  almost  incredible.  In  &ct,  the  burdens  could  not 
be  bonie  were  not  the  bearers  trained  to  the  work  from  their  in&nt^. 

"  We  have  seen  a  woman  take  on  a  load  of  at  least  170  pounds  avoirdo- 
poia,  travel  with  this  150  yards  up  the  slope  of  the  coal,  below  ground} 
anend  a  pit  by  stairs  117  feet,  and  travel  up  the  hill  20  yards  more  to 
wben  the  ooal  was  laid  down.  All  this  she  would  perform  no  less  thiui 
twenty-four  times  each  day,  traversing  a  distance  of  fif  miles  in  going  and 
KtnntDg."*  "  It  was  reckoned  nothing  extraordinary  at  a  Lothian  colliery 
*  8m  Tajlor*!  SUtUtic*,  iwg«  214. 
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(Scotland)  for  a  woman  to  cany  on  her  back  from  35  to  40  cwt.  of  coal 
each  day  a  distance  of  between  300  and  400  yards^  the  greater  part  of  the 
road  being  not  higher  than  4^  feet,  and  in  some  cases  a  considerable 
portion  covered  with  water." 

As  late  as  1850,  it  appears,  a  great  number  of  women  and  girls  were 
employed  in  some  of  the  Welsh  mines,  though  not  for  the  purpose  of 
carrying  coals  to  the  sur&ce,  yet  perhaps  in  occupations  equally  laborious. 
It  may  be  considered  a  hard  day's  work  for  any  man,  however  strong, 
to  convey  the  burdens  of  those  women  as  described  in  the  foregoing 
quotation, — that  is,  a  load  equal  to  two  tons,  of  2000  pounds  each,  carried 
an  average  distance  of  300  yards  horizontal,  or  200  feet  perpendicular.  It 
would,  therefore,  require  700  men,  thus  employed,  to  transport  the  pro- 
duction of  one  of  our  large  collieries,  producing  500  tons  per  day,  a 
distance  of  600  feet  perpendicular.  But  a  steam-engine  of  100  horse- 
power, using  five  tons  of  coal  per  day,  will  do  the  same  work  with  ease. 

Perhaps  a  still  more  practical  and  palpable  illustration  may  be  given  of 
the  value  of  mechanical  force  developed  by  the  carbon  of  our  coal,  or,  in 
other  words,  the  vast  addition  to  our  industrial  and  national  resources 
supplied  by  labor-saving  machinery,  steam,  and  mechanical  skilL 

The  chief  industrial  or  productive  force  of  the  Slave  States  was  derived 
from  the  labor  of  their  4,000,000  of  slaves.  Of  these,  perhaps  not  more 
than  1,000,000  were  productive  as  full-gro^^Ti  persons;  or,  the  entire  pro- 
ductive value  of  men,  women,  and  children  was  equal  to  the  labor  of 
1,000,000  full-grown  men.  This  labor,  as  a  rule,  was  exerted  simply  as 
brute  force,  without  the  assistance  of  skill  or  mechanical  means,  but  repre- 
sented a  capital  or  valuation,  according  to  Southern  figures,  of  2,000,000,000 
dollars.  The  same  amount  of  force  would  be  exerted  by  150,000  horse- 
power in  steam  machinery,  costing,  at  ^100  per  horse-power,  $15,000,000. 
Such  an  addition  of  force  would  be  of  tenfold  more  value  to  the  8,000,000 
whites  of  the  South  than  their  slave-labor;  or,  if  added  to  the  slave-labor, 
under  the  intelligent  development  attainable  by  the  slave,  the  productive 
power  of  the  South  would  be  increased  a  hundredfold,  according  to  the 
degree  of  mechanical  skill  displayed  and  the  uses  to  which  the  power  is 
applied. 

The  secret  of  the  rapid  decay  of  Southern  resources  and  means  of 
defence  is  primarily  in  their  lack  of  coal  or  their  appreciation  of  its  value. 
Had  they  developed  their  mineral  resources,  which  are  abundant,  and 
increased  their  industrial  or  productive  power  by  the  mechanical  force 
derived  from  the  judicious  use  of  coal  and  iron,  those  12,000,000  people 
would  never  have  rebelled;  but,  having  rebelled,  would  never  have  been 
brought  to  submission. 

The  ability  to  produce  iron  in  sufficient  quantities  to  supply  the  wants 
of  a  nation  under  all  circumstances  of  war  or  peace,  constitutes  an  element 


SI^V£-IABOB. 

of  strength  never  before  so  fully  estimated  or  eseniplified  as  in  the  present 
contest.  Our  ability  to  produce  iron  is  equal  t«  our  wantit,  and,  conse- 
qnently,  we  make  use  of  that  element  of  strength  to  ita  fullest  extent, — in 
the  production  of  iron-clad  ahijie,  the  iiibriaition  of  superior  guus,  the 
mannfaetiire  of  the  most  cffeetive  small  arms,  and  an  unlimited  supply  of 
rails  and  rolling-stock,  &c.  &c  And  not  only  have  we  the  iron  in  abun- 
dance for  all  those  ]»urposes,  but  our  iron  and  coal  enable  our  incchanita  to 
multiply  tlicir  labor  or  productive  ability  over  a  huudredtbld,  as  com- 
pared with  the  productive  power  of  the  unskilled  brute  labor  of  the  South. 

The  amount  oi'  iron  produced  in  the  South  since  tlie  commencement  of 
the  war  has  not  only  been  defieicnt  for  ordinary  purposes,  but  not  equal  to 
the  requirements  for  the  materials  of  war.  No  railroad  iron  has  been  pro- 
duced for  reiiairs  or  otherwise,  and  but  little  iron  has  been  spared  for  the 
replacement  of  worn-out  rolling-stotrk.  The  ability  to  produce  iron,  and 
the  cost  of  ita  production,  have  both  been  on  a  par.  All  the  iron  jiroduced 
in  the  South  during  the  last  four  years,  from  '60  to  '64,  has  been  ma<Ie 
with  charcoal,  either  in  the  rude  cold-biast  furnace,  using  from  eight  to 
thirteen  corda  of  wood  to  the  ton  of  metal  produced,  or  in  the  primitive 
Catalan  hearth,  with  "water-blast,"  anil,  in  some  cases,  the  old  "atone- 
bammer"  of  our  ancestors  who  lived  a  thousand  years  ago. 

For  the  production  of  one  ton — 2000  pounils — of  wrought  ii-ou  in  the 
Catalan  forge,  under  ordinary  circumstances,  75  days'  labor  is  required  in 
the  various  processes;  while  the  amount  of  labor  required  to  produce  a  ton 
of  iron  at  our  improved  rolling-mills  does  not  excewl  20  days  from  the 
miner  to  the  finisiicr.  Nearly  the  same  diifercnee  exists  in  the  prothiction 
of  cut  iron  between  the  rude  charcoal  furnaces  of  the  South  and  the 
improved'  anthracite  furnaces  of  the  North.  The  rebellion,  therefore, 
hcked  the  permanent  strength  imparted  by  iron,  and  decayed  rapidly  in 
OODBeqnence.  Had  the  Confederates  the  means  and  ability  to  build  iroii- 
dad  iBms  in  proportion  to  their  numbers  and  mineral  resouices,  our  great 
sapeiiority  on  the  water  would  have  been  neutralized,  and  their  cotton 
made  available  for  war  purposes.  But,  depending  entirely  on  brute  force, 
their  rcBonrces  and  means  of  defence  have  depreciated  in  ratio  with  their 
loss  of  able-bodied  men  by  whatever  cause. 

Virginia  contains  more  coal  than  Pennsylvania:  yet,  though  the  oldest 
Stste,  she  has  never  made  it  available  by  development,  and  not  one  pound 
of  her  coal  has  beeo.  used  for  the  production  of  iroa  in  the  blast  furnace 
aiiHe  the  commeDcement  of  the  war,  and  but  a  few  tona  beibre ;  the  Rich- 
mond coal  being  too  impure  for  such  purposes.  Tennessee  was  the  only 
Soathem  State  in  which  iron  was  made  from  mineral  coal;  and  the  produo- 
titM)  there  ceased  on  the  occupation  of  Chattanoc^  by  the  Federal  forces. 

In  our  description  of  the  coal  and  iron  regions  of  the  Southern  States, 
ve  will  give  the  details  of  their  mining  and  Piannfiwturing  status  both 
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•    before  and  since  the  war.     But  the  &ct8  here  presented  forcibly  illustrate 
the  value  of  coal  in  peace  or  war. 

We  may  boldly  state  that  the  anthracite  coal  of  Pennsylvania  has  been 
our  greatest  source  of  strength^  whether  considered  as  augmenting  in  a 
hundredfold  ratio  our  industrial  resources  in  the  mechanical  line,  or 
supplying  the  means  and  material  of  war,  exclusive,  of  course,  of  the  men 
and  the  money.  But  even  these  are  influenced  to  a  great  extent  by  the 
strength  imparted  to  our  national  resources  through  the  dynamic  agency  of 
coal. 

Philadelphia  and  New  Tork,  and  all  the  manufacturing  cities  and  towns 

of  New  England,  have  the  greatest  source  of  their  productive  power  in 

the  mountains  of  Pennsylvania. 

/     Those  anthracite  basins  represent  but  a  spot  in  the  coal  area  of  the 

/    United  States, — only  470  square   miles  of  anthracite  in  a  total  area  of 

I    206,939  square  miles.     But  its  present  available  value  is  greater  than  the 

/    entire  area  of  bituminous  coal ;  and  all,  except  the  470  square  miles,  is 

I      of  that  class,  exclusive  of  a  doubtful  and  unproductive  field  of  100  square 

/      miles  in  Massachusetts  and  Rhode  Island. 

Of  the  22,000,000  tons  reported  as  the  coal  production  of  1864,  nearly 
10,000,000  tons  were  anthracite.  But  this  vast  preponderance  cannot 
always  exist  in  fitvor  of  the  anthracite  mines,  when  the  Western  coal-fields 
are  more  fully  developed  to  meet  the  increasing  wants  of  Western  growth 
and  improvement  The  fact,  however,  that  those  anthracite  fields  are  the 
only  known  or  available  deposit  of  the  kind,  and  that  the  entire  East  and 
a  portion  of  the  Northwest,  representing  a  population  of  over  12,000,000, 
draw  most  of  their  supplies  of  fuel  from  thence,  and  must  continue  to  do 
so,  will  always  attach  superior  importance  and  value  to  the  anthracite  coals 
of  Pennsylvania. 

We  cannot  make  even  an  approximate  estimate  of  their  value  to  our 
resources;  figures  would  scarcely  convey  an  idea.  We  may  calculate  the 
production  per  acre,  and  jump  at  some  conclusion  concerning  the  amount 
per  square  mile ;  but  the  value  of  a  ton  of  coal  in  the  mountain,  or  the 
same  amount  in  market,  has  no  relation  to  its  dynamic  value  in  the  pro- 
duction of  mechanical  force  or  motion,  its  necessity  to  our  manu&ctures, 
its  importance  to  the  arts  and  sciences,  or  indirectly  as  a  means  of  power 
and  strength  in  peace  or  war.  Tet  its  marketable  value  is  no  small  item 
in  our  trade-lists,  though  comparatively  of  late  development.  Its  growth 
or  increase  is  unparalleled  by  any  trade,  except  the  oil  trade  of  Western 
Pennsylvania;  and  the  rapidly  increasing  demand  for  this  class  of  fuel 
insures  a  permanent  expansion  of  the  trade,  equal,  perhaps,  to  the  means 
of  supply. 

Though  the  area  b6  small  and  insignificant,  when  compared  on  the  map 
with  the  wide  extent  of  our  bituminous  fields,  the  supply  is  practically 
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wklunited  for  all  present  purposes.  A  coal-seam  five  feet  thick  will  pro- 
duce 6000  tons  of  marketable  coal,  even  uuder  the  present  wasteful  mode 
of  miDing.  There  can  l>e  no  doubt  of  an  average  of  00  feet  vertical  thiek- 
lUES  of  available  coal  under  the  entire  coal  area  of  the  antlinicite  fields. 
This  would  yield  60,000  tons  per  acre,  or  18,000,000,000  in  the  300,000 
acres  which  they  contain.  But  under  a  more  careful  gyst«m  of  mining,  ae 
practi^  in  England  and  elsewhere,  and  which  will  be  practised  here  when 
ooal  and  coal  lands  are  appreciated  at  their  proper  value,  one-third  more 
oo&I  may  be  obtained  from  an  acre  of  loud  than  is  given  in  the  forgoing 
estimate.  The  amount  of  hard  aotliraeite  coal  esipfing  in  an  acre  of  land, 
ss  a  maximum,  is  1613  tons  per  loot  of  verlital  thickness,  or  96,780  tons 
per  acre,  according  to  the  average  estimate  of  OO  feet  total  veitieal  thiok- 
nesB.  In  the  best  English  miDcs,  from  ^  to  jV  of  the  coal  is  left  or  wasted 
hi  the  pillars.  Under  the  same  system  of  mining,  we  might  obtain  nearly 
90,000  tons  of  coal  to  the  acre,  or  one-third  more  tlian  onr  present  system 
will  admit  of  But  we  can  scarcely  hope  for  the  same  degree  of  economy 
ID  operating  our  large  veins. 

The  natural  increase  of  the  anthracite  coal-trade  is  about  2J  per  cent. 
per  annum ;  and  we  may  anticipate  even  a  larger  increase  on  the  pacification 
of  the  country,  when  an  impetus  will  be  given  to  onr  manu&cturing 
interests  far  greater  than  that  given  by  tJie  war,  under  the  protection  of 
fbeteriQg  tariSs  and  through  the  means  of  our  vastly  increased  capital. 

Our  present  production  ia  10,000,000  of  tons  per  annum,  and  in  all 
probability  it  will  not  be  less  than  15,000,000  in  1870.  At  this  rate  of 
inoeaae  ire  may  live  to  see  the  day  when  oar  coal-trade  will  be  30,000,000 
tons  annoally,  and  perhaps  some  of  us  may  be  able  to  count  doable  that 
amount.  But  an  annual  drain  of  30,000,000  from  our  limited  area  will 
exhaust  the  anthracite  coal-fields  in  600  years, — a  small  period  in  the  life- 
time of  a  nation,  and  bat  little  over  our  past  existence.  When  compared 
wiUi  the  years  of  England,  France,  or  China,  we  find  it  a  short  time. 

The  amoont  we  name  is  moderate  as  an  estimate,  and  twenty  years  may 
not  elapse  before  its  realitation.  Bnt  our  estimate  does  not  cover  the  whole 
cansamption  by  perhaps  half  the  drun  on  our  resonrcee  of  anthradte.  We 
may  state,  without  exoneration,  that  the  drain  or  actual  loss  on  the  original 
npply  since  the  commencement  of  the  trade  has  not  been  lees  than  , 
189,000,000  tons,  or  one-half  more  thui  the  shipments  of  marketable  ooat; 
iriiile  oar  present  prodacUon  of  10,000,000  may  be  more  &irly  represented 
in  the  actual  drain  on  onr  resources  by  15,00(VX)0  tons  shipped,  wasted, 
and  lost. 

The  estimate  is  that  one-third  of  the  coal  is  left  in  the  mine  as  inaooes- 
nUe,  lost  in  pillars,  &c  The  waste  caused  by  our  present  mode  of  ocimA- 
M^  dinni(^  tiie  "breaker"  ranges  from  16  to  20  per  cent,  and  sometimes, 
i,  it  has  exceeded  30  per  cent. ;  and,  in  addition 
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to  these  two  great  items  in  the  waste  of  our  mines,  we  may  mention  the 
home  and  colliery  consumption,  which  is,  perhaps,  from  6  to  10  per  cent 

In  order^  therefore,  to  produce  30,000,000  annually,  the  drain  on  our 
mines  or  resources  would  be  46,000,000  under  our  present  wasteful  system 
of  mining,  since  the  loss  in  pillars,  waste  in  fine,  and  colliery  and  home 
consumption,  is  not  less  than  53  per  cent,  of  the  whole  production. 

Should  the  anthracite  trade  ever  approach  the  proportion  of  the  English 
coal-trade,  our  supply  would  melt  away  in  180  years.  It  is  not  probable 
that  such  proportions  will  ever  be  assumed  by  this  trade,  in  view  of  the 
vast  extent  of  bituminous  coal  held  in  reserve,  and  the  use  of  unlimited 
supplies  of  petroleum,  which  will  usurp  the  place  of  the  purest  carbons  in 
many  instances.  There  are  fSicts,  however,  in  this  connection,  which  justify 
us  in  assuming  a  large  demand  on  the  antliracite  trade.  The  anthracite 
basins  are  the  only  large  bodies  of  available  coal  east  of  the  Alleghanies — 
excepting  the  small  but  valuable  Broad  Top  coal,  and  a  few  other  scatter- 
ing semi-bituminous  patches — accessible  to  the  Eastern  markets.  It  is  not 
at  all  probable  that  our  Western  bituminous  coal  will  ever  take  the  place 
of  a  superior  article  for  all  ordinary  purposes:  therefore  the  great  source 
of  supply  for  the  East  will  be  in  the  antliracite  coal-fields.  The  six  New 
England  States,  New  York,  New  Jersey,  part  of  Pennsylvania,  and  a 
large  extent  of  the  South  on  the  Atlantic  board,  must  draw  the  chief 
portion  of  their  supplies  of  fuel  from  thence.  The  area  to  be  supplied 
with  anthracite  is,  perhaps,  not  less  than  300,000  square  miles,  and  the 
present  population  12,000,000.  This  is  exclusive  of  a  large  trade  which 
finds  its  way  northwest  to  the  great  lakes  and  to  Canada, — a  trade  con- 
stantly on  the  increase. 

The  area  of  England,  Ireland,  Scotland,  and  "Wales  is  121,000  square 
miles,  as  a  home  market  for  the  consumption  of  70,000,000  tons,  or  the 
British  production,  deducting  the  exports.  The  area  of  300,000  square 
miles  to  which  we  refer  on  die  Atlantic  slopes  can  support  a  population  to 
the  square  mile  equally  as  dense  as  that  of  England. 

Under  such  circumstances,  a  rapid  and  vast  increase  may  be  anticipated 
for  the  anthracite  trade  of  Pennsylvania.  The  duration  of  this  invaluable 
source  of  wealth,  and  the  means  by  which  it  is  economized,  are  questions 
of  the  greatest  importance,  not  only  to  individuals  but  to  the  state  and 
country  at  large;  and  we  propose  in  the  ensuing  pages  to  present  the 
"economy  of  mining"  in  a  prominent  manner  and  from  the  best  practical 
sources.  ^ 

The  waste  of  the  anthracite  mines  is  a  matter  of  astonishment  to  Eng- 
lish mining  engineers  on  flying  visits  to  those  regions.  But,  domiciled 
here,  even  professionally,  they  soon  become  indiflFerent  to  that  which 
cannot  be  generally  prevented,  while  the  apparent  abundance  seems  to 
promise  an  unlimited  supply.     We  do  not  expect  to  present  a  correct 
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impression  of  this  wanton  wastei  or  create  much  interest  in  the  matter 
under  present  circumstances. 

Bat^  having  shown  that  the  coal  in  those  fields^  which  at  present  is 
lx>nsidered  inexhaostible^  is,  on  the  eontraiy^  in  process  of  rapid  exhaustion, 
and  but  limited  in  proportion  to  the  area  and  demand  to  be  supplied,  we 
will  try  to  impress  those  interested  with  some  conception  of  the  great  loss 
involved,  both  private  and  public,  in  the  present  waste  of  coal. 

As  we  before  mentioned,  the  waste  is  equal  to  the  "vend."  The  value 
of  the  anthracite  trade  for  1864  is  stated  at  60,000,000  of  dollars,— that  is, 
its  simple  marketable  or  exchange  value  as  a  commodity;  while  its 
medianical  value,  as  affecting  our  productive  ability,  is  still  vastly  greater 
in  the  scale  of  values. 

Bat  this  item  is  one  that  must  attract  attention.  If  these  coal  deposits 
represait  a  body  of  18,000,000,000  tons  of  workable  coal,  the  loss  of 
hal^  on  the  same  basis  of  calculation,  is  one  that  those  who  own  coal 
lands  may  be  interested  in  figuring  up  when  their  abandoned  mines  may 
cease  to  yield  them  princely  incomes. 

ENGLAND  AND  HER  BESOUBCES. 

The  prosperity  of  England  is  involved  in  the  duration  of  her  coal-fields. 
The  exhaustion  of  her  mines  must  sap  the  foundation  of  her  strength. 
The  subject  engages  the  attention  of  her  people;  and  all  available  means 
are  taken  to  economize  this  great  and  primary  source  of  her  prosperity 
and  power. 

It  is  estimated  by  the  staticians  of  Great  Britain,  that  their  available 
i?apply  of  coal  >vill  be  exhausted,  under  the  present  rate  of  consumption 
and  increase,  in  300  years  from  the  present  time. 

A  rather  fanciful  writer — the  author  of  a  little  English  book  entitled 
"Our  Coal  and  Our  Coal-Pits'' — thus  expresses  himself: — 

"Without  coal  our  steam-power  would  be  annihilated,  and  with  that  our 
prosperity  as  a  nation,  and  possibly  our  supremacy.  Our  steam-engines 
would  rast  unused,  for  lack  of  suitable  fuel,  our  steam-vessels  would  be 
dkmantled  and  decaying  in  dock,  and  all  our  processes  of  manufacture 
would  be  deteriorated;  and  the  future  historian  of  the  revolutions  of 
empires  would  date  the  decline  and  fall  of  the  vast  dominions  of  Britain 
from  the  period  when  her  supplies  of  mineral  fuel  were  exhausted  and  her 
last  coal-field  worked  out. 

"An  ancient  writer  has  drawn  a  picture  of  the  exiled  Marius  sitting  on 
the  ruins  of  Carthage  and  musing  and  mourning  in  proud  grief.  A 
modem  historian  has  drawn  an  equally  striking  picture  of  a  New  Zealander 
sitting  and  musing  on  the  ruins  of  London  at  the  debris  of  the  fallen  St. 
PauPs.     It  has  been  reserved  for  the  author  of  this  book  to  conceive  the 
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picture  of  some  one  of  his  lineal  posterity  sitting  on  the  top  of  the  rains 
of  a  great  but  exhaosted  New-Castle  colliery,  and  mourning  and  moraliidng 
over  the  &te  of  £sdlen  Britain.  Should  sudi  a  picture  ever  be  drawn,  its 
subject  will  be  more  pathetic  and  powerful  than  that  of  proud  Marius  or 
the  feathered  New  Zealander.'^ 


COAL  AND  IRON. 

Our  introduction  has  been  rather  disconnected  and  rambling.  It  has 
been  our  aim,  however,  to  present  the  most  practical  and  striking  illustra- 
tions of  the  value  of  coal  to  the  industrial  resources  of  nations^  and  attract 
attention  to  the  value  of  our  coal-fields. 

Our  resources  in  iron  are  subordinate  to  that  of  coal :  without  a  supply 
of  mineral  fuel,  our  deposits  of  iron  ores  would  not  be  available.  We 
have,  therefore,  given  pre-eminence  to  coal ;  and  in  the  ensuing  pages  we 
shall  confine  ourselves  to  a  brief  synopsis  of  our  resources  for  the  produo- 
tion  of  iron,  as  illustrating  the  value  and  uses  of  coal,  with  such  informa- 
tion on  the  subject  as  may  be  necessary  to  present  a  concise  review  of  the 
trade  to  make  it  interesting  and  valuable. 

OIL,  OR  PETROLEUM. 

No  work  on  our  mineral  resources,  and  particularly  mineral  fuels,  would 
be  complete  without  a  practical  or  theoretical  notice  of  our  great  petroleum 
regions.  To  this  end  we  have  collected  all  the  available  information  on 
the  subject,  and  have  not  only  made  extensive  examinations  personally, 
but  have  availed  ourselves  of  the  practical  experience  of  others.  Petroleum 
contains  the  constituents  of  coal,  or  vice  verad.  The  one  is  solid,  the  other 
fluid.  Both  are  formed  principally  of  carbon  and  hydrogen ;  the  one  with 
earthy  impurities,  the  other  almost  pure.  We  therefore  look  upon  petro- 
leum as  a  species  of  mineral  fuel,  the  product  principally  of  our  coal- 
fields, enhancing  their  value,  providing  for  their  development,  and,  while 
it  fills  some  of  the  uses  to  which  cioal  has  been  applied,  it  increases  the 
area  of  its  distribution  and  enlarges  the  sphere  of  its  usefulness. 

In  a  rapid  glance  over  the  field  of  our  researches,^-our  extensive  fields 
of  coal,  our  mountains  and  beds  of  ores,  and  our  deep  fountains  of  mineral 
oils, — ^we  cannot  fail  to  be  impressed  with  admiration  and  wonder  at  those 
magnificent  creations  of  Nature,  when  we  reflect  that  they  are  the  result 
of  chemical  action  and  combination  carried  on  in  her  great  laboratory. 

The  productions  of  vegetation,  whose  original  magnificence  and  extent 
are  beyond  comprehension,  has  been  preserved  year  after  year,  through 
numberless  ages,  in  the  most  compact  and  available  form  for  use.  Un- 
limited beds  of  precious  ores,  and  exhaustless  fountains  of  invaluable  oils. 
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nre  stored  away  by  nature  in  the  treasure-houaea  of  our  mineral  kingdom. 
Thcee  exhauBtless  sources  uf  mineral  wealth  are  not  the  result  of  common 
causes.  Ore,  coal,  and  oil  are  not  formations  resulting  from  the  evident 
processes  which  we  all  couiprelieiid,  and  such  as  we  see  in  common  rocks 
sod  slates;  but  they  appear  to  be  the  concentrated  wealth  of  all  our  litho- 
logical  creations,  separated  and  refined  in  the  great  lalxiratory  of  Nature, 
ftnd  stored  carefully  away  in  the  "cavea  of  the  earth"  for  the  use  of  her 
creatures. 

There  is  something  grand  and  wondorlul  in  those  great  chemical  pro- 
cesaes  which  stored  our  earth  with  minerals,  even  though  wc  speculate 
merely  oa  their  caase  and  etfcct.  We  can  imagine  the  world  of  6re  which 
Mlled  and  struggled  for  vent  in  the  bowels  of  the  earth,  the  immeasur- 
able volumes  of  gases  which  poured  from  these  smouldering  fires,  the 
great  volcanic  crucibles  and  the  oceanic  cauldrons  which  Nature  used,  if 
we  cannot  comprehend  the  modes  and  laws  of  ber  great  chemical  opera- 
tioDS.  The  results,  however,  we  see  and  realize.  They  give  to  man  the 
control  of  Nature's  domain,  and  subject  all  her  prodnctions  to  Ills  use  and 
pleasure.  A  proper  appreciation  of  her  gifts  and  provisions  for  our  use- 
will  make  ua  "  healthyj  wealthy,  and  wise,"  aud  secure  us  peace,  power, 
and  prosperity. 


PART  I. 


CHAPTER    11. 

GEOLOGY. 

Tfaa  CnkfJon — Houie  Periodi — Oeologickl  Slructure — I^«ous  Ttocica — Metamorphic  S 
— Pkl»oioia  PormitioiiB — Vertical  Column — Primsl  Slraio — Limeatonei — The  Ores 
pBlaebiui  Yallej  and  AppaUchian  Mountains— The  Oil  Strata— Old  Red  Sandsti 
Bn'bouboiiiferout — The  False  Coal  Itleasuree — The  Bed  Shales — Carboniferous  Line 
— Tha  Great  Cod  glomerate— The  Coal  Measures — Area  of  (he  Appalachian  Coal  F< 
tions,  and  Thickness  of  tbeir  Coal  and  Coal  Measures — Recent  Coal  FcrmaliDns- 
Juraasio  Period — Richmond  Coal-Field — Piedmont  Coal-Field — Dan  RItbt  Coal-Fi 
Deep  BiTer  Coal-Field— Lignitei,  &c. 

Fia,  1. 


We  propose  to  give  a  brief  preliminary  eketch  of  the  geology  ol 
earth,  in  order  to  present  a  clear  and  comprehensive  view  of  the  geolo^ 
coal  in  the  ascending  or  successive  order. 

The  creation  of  the  earth  camiot  £ul  to  be  a  matter  of  specalatio 
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(lose  who  seek,  in  material  cause  and  eflfect^  its  rnleof  ezistenoe,  to  whom 
ftii  not  given  to  see  the  work  of  a  divine  power.  But^  while  we  ascribe 
Ae  creaticm  of  the  universe  to  the  onmipotent  Jehovah,  let  ns  pause  for  a 
moment  to  admire  the  infinitnde  of  wisdom  and  power  displayed  in  the 
governing  inflnences  which  control,  to  oar  finite  minds,  the  incomprehen- 
sUe  whole,  and  wonderingly  behold  the  harmony  of  Nature's  works,  the 
mnfonnity  of  motion,  the  laws  of  gravitation,  and  the  actions  and  forces 
of  heat,  and  recognize  in  the  various  developments  of  truth,  proven  by 
oonstantly-recurring  events,  the  work  of  a  divine  power  replete  witii 
wisdom  and  love  in  all  the  structures  of  the  universe. 

CREATION  OF  THE  EABTH. 

Scieiice  informs  us  that  our  planetary  system  existed  originally  as  a 
nebulous  sphere,  vaporized  by  heat,  which  appears  to  have  been  the  con- 
dition of  the  universe  under  the  original  laws  of  creative  force.  If  the 
pcmderoos  or  solid  matter  of  our  system  was  again  reduced  to  vapor  so 
light  that  it  would  not  weigh  a  grain  to  the  cubic  milci  it  would  not  fiU 
oor  sphere,  even  within  the  orbit  of  Neptune.  We  know  how  readily  all 
ponderous  or  solid  bodies  are  reduced  to  vapor  by  heat,  since  water  arises 
m  steam  at  212^  and  platina  is  vaporLeod  at  2000^,  while  the  lighter 
petroleums  escape  in  the  atmosphere  of  winter,  and  mercury  evaporates 
in  summer  heat.  But  these  foots  are  not  more  evident  to  us  than  the  laws 
of  condensation  and  gravitation.  If  heat  vaporizes  all  solid  bodies,  cold 
condenses  them ;  and  we  can  readily  conceive  how  a  nebulous  mass  of  vapor 
my  contract  by  condensation  and  unite  by  the  laws  of  gravitation,  until 
mosses  are  formed,  &om  the  size  of  meteors  to  the  dimensions  of  worlds. 
Larger  bodies  attract  smaller  ones.  Meteors  fall  towards  the  earth,  as  the 
earth  is  attracted  by  the  sun,  and  only  prevented  &om  foiling  into  it  by 
tlie  velocity  of  its  motion. 

To  illustrate  further,  we  may  state  that  motion  produces  heat,  as  heat 
produces  motion  or  force.  The  hammer  striking  the  anvil  produces  heat, 
while  rock  abrading  rock  strikes  fire.  But,  should  our  planet  be  suddenly 
wrested  in  its  course,  the  shock  would  generate  more  heat  than  the  com- 
buis-tion  of  fourteen  times  its  bulk  of  coal.  Assuming  the  mass  of  matter 
composing  the  earth  to  be  equal  to  water  in  its  capacities  for  heat,  it  would 
be  fused  and  vaporized  by  17,200  degrees,  and  the  earth  or  its  vapors, 
after  being  thus  brought  to  rest,  would,  of  course,  fell  into  the  sun,  and 
be  thus  forther  rarefied  by  an  additional  degree  of  heat  400  times  greater,* 

In  this  light  we  can  readily  comprehend  the  natural  forces  or  processes 
which  tend  to  dissolve  or  unite  all  bodies,  however  large  or  small.  It 
must  be  observed,  notwithstanding  the  readiness  of  solids  to  escape  in 

*  TheoricB  of  Laplace. 
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vapor,  that  no  atom  of  matter  is  lost,  and  that  none  of  the  natural  forces 
are  wasted,  since  they  return  to  the  earth,  or  their  original  sphere,  in  equal 
weight  or  force.  A  common  instance  may  be  given  in  the  combustion  of 
coal  under  our  steam-boilers.  Here  we  see  both  water  and  coal  consumed; 
and  can  see  no  return  of  the  products  of  combustion:  yet  they  return, 
nevertheless,  in  rain  or  gas  to  the  earth  and  vegetation, — and  not  only 
return  in  full  weight,  but  by  their  dynamic  effects  give  a  creative  force, 
which  is  employed  in  a  thousand  labors  by  the  ingenuity  of  man.  They 
create  a  tempest  of  steam  behind  the  piston  of  the  steam-engine,  equal  to 
the  force  of  a  hundred  hurricanes. 

Having  thus  given  jaird  glimpses  of  the  natural  causes  controlling  and 
governing  the  creation  of  our  planetary  system,  since  we  cannot  be  more 
explicit,  we  may  now  contemplate  our  earth  as  condensed  from  the  heated 
vapors  of  the  nebulous  mass,  launched  forth  from  the  sun — a  fiery  ball — 
on  its  endless  path  through  space. 

In  its  swift  course  through  space,  or  its  orbit  round  the  sun,  our  earth 
gradually  contracted,  and  a  primitive  crust  of  granite  encased  the  liquid 
Jball,  and  gradually  the  condensation  increased  the  thickness  of  the  igneous 
or  primitive  rocks,  as  the  inanimate  earth,  clad  in  dark  and  chaotic  vapors, 
pursued  its  way.  But  as  the  crust  becomes  thick  and  cool,  or  no  longer 
able  to  keep  the  surrounding  vapors  in  a  state  of  rare&ction,  they  return 
to  the  earth  in  the  form  of  water  or  liquids;  and  thus  we  have  the  first  day 
of  creation,  when  light  first  illuminated  the  darkness. 

When  the  vapors  which  shrouded  the  earth  in  endless  night  were  con- 
densed in  rain  and  now  enveloped  it  in  water  and  steam,  the  second  day  of 
creation  was  ushered  in,  when  God  divided  the  waters.  But  from  the  first 
struggling  rays  of  light  which  penetrated  the  vapors,  until  they  were  con- 
densed from  the  ^'firmament''  and  the  sun  and  the  moon  gave  their  light 
to  the  earth,  long  ages  must  have  intervened;  while  nature  prepared  our 
globe  by  earthquake  and  volcano,  in  mountains  and  valleys,  for  the  suo- 
oeeding  changes  «which  took  place  during  the  third  day.  Then  the  waters 
rushed  together  in  the  deep  places,  and  the  elevated  portions  appeared  as 
dry  land,  and  grass  and  trees  first  made  their  appearance.  But  though 
mountain  and  sea  first  appeared  during  the  third  period  of  creation,  the 
formation  of  the  sedimentary  rocks  did  not  stop  then.  The  subterranean 
heat  was  too  great  to  admit  of  the  existence  of  animal  life  in  the  water  or 
the  air;  the  earth  still  quaked  and  throed  with  internal  fires,  and  volcanoes 
still  vomited  their  lava  upon  the  boiling  waters. 

During  the  second  period,  probably,  the  metamorphic  or  crystalline  sedi- 
mentary strata  were  formed;  and  during  the  third,  our  pakeozoic  formation 
was  deposited,  its  closing  event  being  the  production  of  the  coal  measures. 

The  "fourth  day,"  or  period,  broke  upon  a  comparatively  quiet  world, 
rich  in  its  green  freshness,  and  gilded  by  the  first  light  of  the  sun  and 
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■KNMi  that  had  peneCrmted  iti  dark  and  vapoiy  atmoaphere.  Tha  oeralean 
Uoe  took  the  place  of  the  vapoij  haae^and  the  great  lights  of  heaven  now 
''rakd  the  day''  and  the  night.  Still  the  work  of  creation  want  on,  and 
BKNmtain  snooeeded  moontain,  here  and  there^  Krhere  lakes  and  aeaa  had 
eziitod.  Bat  the  general,  almoet  the  Qniv«real|  prodootion  of  the  stratified 
cmstof  the  earth  was  limited  even  before  the  creation  of  coaly  and  almost 
nqpended  at  the  dose  of  the  fourth  period. 

The  ''fifth  day''  of  Mosea,  or  the  fifth  geological  period,  is  marked  as 
the  dawn  of  the  present  or  existing  animal  life;  those  hitherto  created 
were  low  in  the  scale  of  beings,  and  but  few  were  preserved  through  the 
violent  changes  and  commotions  of  the  primitive  earth. 

The  sixtii  period  witnessed  the  earth  in  the  beauty  and  perfiwtion  of  its 
finished  state,  and  all  animate  and  inanimate  nature  existed  as  it  now 
exists,  to  attest  the  power  and  wisdom  of  the  Creator. 

Having  thus  rapidly  and  briefly  attempted  to  run  a  parallel  between  our 
geological  formations  and  the  periocU  of  the  Mosaic  creation,  we  shall  now 
proceed  to  give  a  practical,  though  equally  brief,  expbsition  of  the  geological 
fiNmationa  and  periods  as  they  exist  in  the  lithological  strnoture  of  the 
esrth'scniBt. 

■ 

GEOLOGICAL  STRUCTl7R£.^PLnT0inC. 

Hie  rodoB  originally  forming  the  crust  of  the  earth,  and  resulting  firom 
etmdensation  and  sublimation,  or  comparative  d^rees  of  heat  and  cold, 
are  known  as  fhd<micj  granitic^  or  igneoxM  rocks.  They  form  the  base  of 
all  subsequent  formations,  and  are,  in  fact,  the  primary  elements  from 
which  all  our  lithological  structure  is  built  or  derived,  since  even  the 
volcanic  rocks  are  of  the  same  nature  and  origin. 

We  find  these  primary  or  igneous  and  unstratified  rocks  on  our  lowest 
shores  and  on  our  highest  mountains,  while  they  underlie  every  other 
formation  over  the  entire  surfiice  of  the  globe,  as  the  original  crust  of  the 
eirth.  From  its  internal  depths,  where  the  creative  fires  ever  struggled 
fiw  vent,  these  igneous  or  volcanic  rocks  were  poured  forth  in  rivers  of 
liquid  lavay  porphyrieSy  bdsaUy  greenstone,  &c,,  and  deposited  through  all 
sabsequ^it  ages  and  formations.  Therefore  the  plutonic  and  volcanic 
rocks,  though  primarily  the  oldest,  have  become  coextensive  and  cotem- 
porary  with  every  period  of  our  geological  or  lithological  strata.  The 
igneous  mass  from  which  they  were,  derived  has  been  the  means,  or  source, 
fi^m  which  all  or  most  of  our  metamorphic  and  subsequent  sedimentary 
fltnUa  have  been  formed,  either  through  the  agency  of  volcanic  eruption, 
which  vented  the  molten  lava  into  the  ancient  seas,  or  the  erosion  of  floods 
iod  storms  on  the  decomposing  mountains,  which  were  exposed  when  the 
vaters  were  gathered  together  and  the  dry  land  appeared. 

It  is  a  qaestion  which  perhaps  would  not  be  difficult  of  solution, 
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wiiether  or  not  the  primary  elements — the  vapors  from  which  oar  globe 
wan  formed  or  condensed — contained  the  constituents  of  all  subsequent 
productions.  In  fact,  we  cannot  doubt  the  truth  of  this  proposition,  since 
it  is  evident  we  have  neither  lost  nor  gained  in  the  quantity  or  constituents 
of  the  material  elements  forming  the  earth  and  its  atmosphere  since  the 
days  of  creation. 

The  sixty-five  or  seventy  chemical  constituents  of  the  earth  or  its  matter, 
therefore,  not  only  existed  in  the  nebulous  vapor  forming  the  earth,  but, 
of  course,  they  must  have  existed  in  the  plutonic  rocks  and  the  internal 
fiery  mass  of  the  earth,  or  the  atmosphere  surrounding  it.  We  thus  find 
in  the  bowels  of  the  earth  all  the  gases,  the  primary  elements  of  subse- 
quent chemical  production.  They  formed,  directly  or  indirectly,  our  coal 
and  our  coolly  and  all  the  forms  of  vegetation  and  life  which  beautify  and 
animate  the  works  of  Nature. 

METAMORPniC. 

The  second  class  of  rocks  are  the  mdamorphic,  exclusive  of  the  volcanic, 
which  are  confined  to  no  period,  but  are  distributed  through  all  ages  and 
formations  and  arc  the  production  of  all  periods,  even  to  the  present. 
The  metamorphic,  gneissic,  or  stratified  crystalline  rocks  repose  on  the 
granites,  or  plutonic  rocks,  which  have  no  stratification,  but  are  massive 
and  devoid  of  all  regular  cleavage.  But  the  gneiss,  though  approaching 
the  granites  in  appearance  and  constituents,  is  irregularly  stratified,  and 
evidently  a  sedimentary  rock,  or  aqueous  deposit,  but  metamorphosed  or 
crystallized  by  the  action  of  heat;  or,  in  other  words,  they  were  formed 
in  boiling  water,  and  arc  the  results  of  volcanic  agencies  and  the  debris 
of  subaqueous  plutonic  formations.  The  metamorphic  rocks,  however,  arc 
not  all  gneiss:  they  are  widely  distributed,  and  exist  in  various  shapes 
and  under  various  names,  such  as  honiblcndey  mica,  talcose  and  clay  slates, 
talcose  and  hombJcixdic  gneiss^  qnaHz,  crystalline  limestone,  mica  schist, 
chlontic  schist,  &c.  <tc.  These  rocks  exist  exclusively  in  North  America 
on  the  Atlantic  slope,  on  the  Laurentian  water-shed,  north  of  the  great 
lakes,  in  the  Rocky  Mountains,  and  in  the  great  mountain  chain  of  Cali- 
fornia and  Oregon.  They  contain  most  of  our  veins  of  gold)  copper,  and 
magnetic  iron  ores,  and  particularly  the  copper  of  Lake  Superior  and 
Tennessee  and  the  gold-bearing  veins  of  the  Southern  States  and  California. 

In  Pennsylvania,  these  formations  have  been  divided  by  Rogers  into 
the  "ancient  metamorphic"  and  the  "semi-metamorphic,"  representing  the 
hypozoic  and  azoic  rocks,  or  those  destitute  of  the  ancient  life  or  fossiliferous 
remains,  and  those  {hypo)  underlying,  or  beneath.  The  semi-metamorphic, 
or  azoic,  are  at  the  base  of  the  palaeozoic,  or  those  rocks  which  entomb  the 
ancient  life,  and  which  arc  replete  with  fossiliferous  remains. 


pAusoBHO-iaDUTioifa.  0^ 

PALAOZOIC  rOBHATKma 
Sle^wlcozoiD  rtrat%  tntisg  oa  the  Bietomorplufi,  maetmihly  dwags 
fiiDffi  the  aemi-OTStaUme  to  the  unaltered  Hdimflntuy,  and  an  die  fiiat 
neb  IB  ibs  order  of  oreatioD  whioh  contain  the  finsil  remaiiM  ot  animal 
life  We  have,  therefore,  in  our  foregoing  sketch  of  the  Mooaio  enatira, 
made  tbaae  rocks  the  prodmtita  of  ^»  latter  part  tj£  th*  'thkd  daj>  or 
period,  in  oidec  to  oooEarai  irith  the  Moaaio  aocaost  <tf  enatiaiL  The 
ffih  da^  is  die  period  of  the  oreotdon  of  the  preaent  ot  existing  Hfi^  not  the 
fianl  flreationa  (^  a  part  age.  The  MoBaioaooonnt  only  pNBenlstB  the  eye 
■ush  prominent  featores  or  pictnree  of  the  Creation  as  the  oommon  mind 
eonld  comprehend.  (For  a  comporiaon  of  geology  with  the  MoBaio  or 
BOdical  acootmt,  aee  Appeodiz.) 

Oar  paUeoxoio  Btrata  embrace  the  Cambrian,  83»iany  Datmiaa,  a6d 
Qaiottiferova  fbrmationB  of  the  English  geoI<^sta^  and  ooonpy  one^half 
Ibe  area  of  the  United  Statea,  or  nine-tenths  of  the  State  (tf  Pennajrlvania, 
vheie  they-  range  from  10,000  to  86,000  feet  in  thiokness. 

The  aocompuiTing  oolnnm  or  vertical  section  of  1^  palieoflmo  strati;  of 
PflBnylvania  presents  a  comprehensive  view  of  the  etttb«  fiffmation,  from 
&  picisBic  to  the  carbtmiieroaB,  indnding  the  ooal  measoiea.' 

Ve  have  divided  the  oohmin,  according  to  the  nomendatore  of  Bofprn, 
into  fifleen  periods,  or  ftnTnationa,  and  numbered  than  ta-dnrmode  add^rted 
bf  the  earlj  sorve^ors  of  the  ^a^  We  have  also  j^ves  Aa  names 
adopted  fay  the  geologiats  of  New  Ywk  and  the  English  eqolvalents,  in 
Older  to  present  practically  to  the  eye  and  the  mind  of  all  classes  of  readers 
the  names  and  positions  of  the  rocks  forming  the  palieozoic  strata  of  Penn- 
(lylvania.  The  many  new  names  adopted  by  the  geologists  of  diSeront 
Ecctions  for  the  various  strata  tend  to  confuse  the  mindj  but  we  hope  our 
present  exposition  will  present  them  clearly. 
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TOE  PBIMAL  BTBATA. 


The  lowest  acriea  of  rocks  in  tlie  palneoBoio  eoliimn  ia  the  Primal,  or 
Polndam  santlfitone,  which  covers  an  area  alraotit  coextensive  with  tlit- 
fni^isa  upon  which  it  rests,  ami  is  found  from  the  British  proviniws  oii 
ih(t  nonh  to  tho  middle  of  Alabama  in  tho  miitb,  and  from  the  Bhio 
Itid^  on  the  cast  to  the  Kocky  Mountains  and  the  mouutaios  of  Cali- 
fomia  to  the  west. 

It  is  tho  distinguishing  feature  of  the  Blue  Ridge  on  ita  western  slope, 
nnil  notes  tlie  continuation  of  tliis  range  into  Fctiosylvania,  an  the  Reading 
tnd  Easton  hills. 

AtmOEAL   AND   MATWAL   STRATA. 

The  second  and  third  series  are  the  Auroral  and  Matinal  limestones  and 
slates.  They  arc  of  immense  thickness,  and  cover  a  viuit  area  of  t«rritorj'. 
This  formation  seems  to  have  formed  the  bed  of  the  ancient  Appalaehiati 
Ka,  aud  ia  traceable,  by  its  outcrops,  from  the  valley  of  the  8t,  Lawrence, 
until  it  b  lost  beneath  the  alluvial  of  the  Gulf,  but  reappears  in  the  West, 
luiil  spreads  out  widely  in  Missouri,  and  on  the  autidinald  of  the  Weiitem 
'Xttl-ficlds. 

Those  limestones  and  slates  form  one  of  the  most  magnificent  valleys  in 
iJie  world,  along  the  Atlantic  slope, — scarcely  second  to  the  valley  of  the 
Miwii^sipp!,  if  wo  consider  the  productiveness  of  its  soils,  the  richness 
ind  variety  of  its  minerals,  and  their  general  availability.  This  great 
region  extends  from  Canada  through  New  York  into  Pennsylvania,  Maty- 
land,  Virginia,  Tennessee,  Geor^,  and  Alabama. 

It  ia  locally  known  by  varioos  names:  as,  the  Newbui^  Valley,  the 
Lehigh  Valley,  by  Easton  and  Allentown,  the  Reading  and  Lebanon  Val- 
leys, the  Cumberland  Valley,  the  Great  Valley  of  Virginia,  the  Valleys 
of  East  Tennessee,  and  the  beatitiful  valley  of  the  Coosa  in  Georgia  and 
Alabama,  embracing  a  length  of  about  1500  miles,  and  an  average  width 
of  20  miles,  covering  an  area  of  30,000  square  miles. 

Close  to  its  eastern  borders,  over  the  Blue  Ridge,  lie  the  great  r^on  of 
Dttpietic  ores, — from  the  Adirondack  hills  to  the  Carolinas ;  while  parallel 
ran  the  copper  belts  of  the  gneissic  and  primal  formations.  It  is  the 
peat  region* of  hematitic  ores,  which  are  lai^ly  developed  from  Pennsyl- 
nnia  to  Alabama. 

These  ores  are  generally  the  rich  brown,  or  hydro-peroxide, — except  in 
a  fer  localities,  as  at  the  great  magnetic  deposits  of  Cornwall,  Pennsyl- 
Tuia.  They  not  only  produce  the  best  of  iron,  but  are  invaluable  as  a 
mixture  into  the  refractory  magnetics.  The  extent  and  profusion  of  these 
beds  of  ore,  which  extend  in  almost  unbroken  veins  from  end  to  end  of 
this  great  Umestone  valley,  cannot  be  realized  by  persons  who  have  not 
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witnessed  the  fiicte.  We  have  seen  masses  of  this  brown  ore,  that  may  be 
literally  termed  mountains,  in  Virginia,  Tennessee,  and  Alabama.  It  is  as 
inexhaustible  as  the  great  coal-fields  which  lie  along  its  western  border, 
and  which  are  almost  everywhere  accessible,  and  at  some  points  quite  near, 
— ^the  Lehigh  cool  at  AUentown,  the  Schuylkill  at  Reading,  the  Swatara 
at  Lebanon,  the  Shamokin,  Wyoming,  and  Broad  Top  at  Harrisburg,  the 
Cumberland  at  Harper^s  Ferry,  the  Kanawha  and  New  River  coals  at 
"Central''  on  the  New  River,  the  Chattanooga  coals  at  Cleveland  and 
Dalton,  and  the  Coosa  coals  in  Alabama. 

This  great  valley  is  drained  by  the  waters  of  the  Atlantic,  as  far  south 
as  middle  Virginia,  and  is  everywhere  accessible  by  river  and  rail  from 
the  seaboard  cities.  The  Hudson,  Delaware,  Lehigh,  Schuylkill,  Susque- 
hanna, Potomac,  James,  and  Roanoke  Rivers  drain  it  from  the  east  through 
tlie  passes  of  the  Blue  Ridge ;  while  the  New  River,  the  Holston  or  Ten- 
nessee, and  the  Coosa  drain  it  from  the  west  and  south. 

The  hard  and  flinty  rocks  of  the  Primal  series,  including  the  great  Pots- 
dam sand-rock,  forms  the  eastern  confines  of  the  valley,  in  a  continuous  and 
almost  unbroken  line,  from  the  Lehigh  to  the  Chattahoochee, — ^a  vast  moun- 
tain chain  that  alternately  rises  or  sinks  as  its  strata  assume  a  high  or  low 
<legree  of  angle,  but  always  a  mountain,  and  sometimes  stupendous  in  its 
grandeur. 

LEVANT,  SURGENT,  SCALENT,  ETC. 

The  immediate  western  boundary  of  this  limestone  valley  are  the  rocks 
of  the  succeeding  or  Levant  series,  but  principally  the  great  Medina  sand" 
rocky  that  rises  in  vaist  proportions  in  the  mountain  chain  that  forms  its 
western  edge.  It  rises  thin  and  low  in  Northern  New  York,  but  thickens 
as  it  sweeps  around  the  Catskill,  and  rises  grandly  as  the  Shawangunk 
of  New  Jersey,  the  Blue  Mountains  and  Kittatinny  of  Pennsylvania,  and 
the  North  Mountain  of  Virginia.  It  continues  its  course  south  parallel 
with  the  valley,  high  and  unbroken,  towering  steeply  from  1500  to  2000 
feet  over  its  western  edge,  a  vast  mass  of  rock,  often  2000  feet  thick.  It 
is  locally  known  as  the  Walker  and  Clinch  Mountains  of  Northwestern 
Virginia  and  Tennessee,  and  the  Lookout  Mountain  of  Creorgia  and 
Alabama. 

But  this  great  Levant  or  Medina  sand-rock,  and  its  a(^mpanying 
strata,  Ls  not  merely  confined  to  this  single  parallel  range ;  it  undulatea 
westward,  and  rises,  in  high  anticlinals,  wave  after  wave,  until  lost  beneath 
the  coal-fields  of  the  West,  where  it  thins  to  insignificant  proportions. 

SURGENT  SHALES,  ETC. 

Overlying  the  Levant  sand-rock  are  the  Surgerd  shaks,  made  up  of  red 
calcareous  marls,  fossiliferous  limestones,  and  calcareous  sandstones,  con- 
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The  OrUkany  sand-rock  appears  to  reprosent  a  place  in  the  Ludlow 
rocks  of  England,  and  tlio  base  of  the  Devonian  period  of  the  English 
geologist.  It  forms  a  break  in  the  Pnlicozoic  strata,  :ind  forms  a  change 
of  tile  ancient  life :  a  new  creation  begins  here. 

The  Cadent  series  are  made  up  principally  of  slates,  slitili's,  and  lime- 
eloaes,  generally  highly  bituminons,  and  range  from  the  Comiferous  lime- 
etooe  to  tho  Genesee  slates  of  New  York.  These  formations  may  be 
comidered  as  the  lower  oU-prodticing  rocks,  commencing  with  the  eornife- 
roua  lime,  which  is  saturated  with  oil,  wherever  found,  in  New  York, 
Pennsylvania,  or  Illinois.  The  following,  or  Vcrgent  series,  comprising 
the  Portage  and  Chemung  groups  of  New  York,  are  also  bituminous  in 
character,  and  made  op  of  vast  beds  of  gray,  blue,  and  olive-Kxilored 
shales,  and  gray  and  bro^vn  eaadstones,  in  Uiin  layers  or  Sa^,  parted  by 
bonds  of  soft  blue  slate,  and  abounding  in  fossils  of  fucotds  or  sea-weeda. 

The  Ponent  rocks  are  thick  masses  of  red  shales  and  red  and  gray 
landstones,  and  are  represented  by  the  Catskill  of  New  York  and  the  Old 
Red  Saadaione  of  the  English. 

AH  these  formations  have  their  maximum  thickness  along  the  Atlantic 
elopes,  or  the  eastern  borders  of  the  great  Appalachian  chain  or  basin,  and 
they  all  thin  rapidly  as  they  extend  westward,  with  the  exception  of  the 
limestonea,  which  appear  to  increase  in  thickness  as  they  approach  the 
interior  of  the  ancient  sea.  It  ia  probable,  however,  that  the  rocks  forming 
itt  eastern  boundary  will  also  be  found  to  predominate  along  its  western 
maigin  and  on  the  eastern  slope  of  the  Bhick  HilU  and  the  Kocky 
Moostains.  (?)    The  old  red  sandstone  is  lost  in  the  western  basins. 

TESPEETDfe. 

This  formation  is  ^e  lower  base  of  the  co^  measnree.  It  is  the  subcar- 
boniferQiiB  of  the  English,  and  contains  the  proto-oarboJuferouM  or  false  coal 
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measures.  Its  features  are  bold,  characteristic,  and  prominent,  and  present 
much  oniformiiy  around  the  Anthracite  Coal-Basin,  the  detached  portions 
of  the  Alleghany  coal-field,  and  along  its  eastern  escarpment. 

The  vespertine  white  sandstone  is  of  great  thickness.  Its  Atlantic  out- 
crop is  two  thousand  feet  thick,  while  the  supporting  '^old  red''  or  ponent 
Ls  nearly  a  mile  in  thickness.  These  immense  masses  of  rocks  rise  like  a 
framework  of  mountains  around  our  coal-fields,  following  them  in  parallel 
belts  of  red  and  tohiie  with  artistic  and  picturesque  efiect. 

Prof.  J.  P.  Lesley,  in  his  little,  but  valuable  and  interesting,  ^^  Manual 
of  Coal,"  from  which  we  have  borrowed  many  useful  facts,  thus  speaks  of 
those  red  and  white  sandstones  as  the  floor  or  base  of  our  coal-fields: — 

"The  Third  Great  Sandstone  of  the  floor,  No.  X.,  is  not  so  remark- 
able for  introducing  a  new  era  of  fossil  life,  as  for  inaugurating  a  new 
system  of  groups  of  mountains  along  its  frequent  outcropping,  which 
keeps  them  always  and  everj'where  apart  from  the  groups  of  No.  IV. 
(Levant),  never  approaching  them  within  three  miles,  and  usually  running 
in  parallel  lines  with  them  at  a  variable  distance  of  from  ten  to  twenty 
miles,  the  intervals  being  always  filled  up  with  the  narrow  knobs  of  the 
Oriskany,  No.  VII.,  and  the  broad,  high,  undulating,  deeply-ravined,  and 
always  cultivated  hills  of  No.  VIII. 

"On  the  out  or  lower  side  of  all  these  mountains  of  X.,  runs  an  uneven 
terrace  of  the  red  sand  of  IX. ;  and  in  those  regions  where  the  rocks  stand 
vertical,  this  terrace  rises  to  a  separate  summit  of  equal  height  with  the 
true  summit,  and  beautifully  parallel  with  it;  a  narrow,  shallow  crease 
divides  the  double  summit,  and  then  the  long,  straight  mountains,  witli 
t\\nn  crests  of  wonderful  evenness,  but  with  this  difference,  that  the  outside 
one  is  red  and  the  inside  one  is  white,  runs  along  the  map  like  the  double 
beading  of  a  picture-frame.  This  is  true  of  all  that  southeastern  outcrop 
which  encircles  the  Anthracite  Coal-Biisins,  folding  scrupulously  in  and 
out  around  their  long  sharp  points,  crossing  and  recrossing  the  rivers  and 
creeks,  and  presenting  always  outwardly,  or  from  the  coal,  its  terrace  of 
old  red  sandstone.  The  same  red  and  white  frame  is  repeated  around  the 
Broad  Top  Coal-Basin,  south  of  the  Juniata. 

"The  Terrace  Mountain  is  its  northern  point  and  western  side,  and  Side- 
long Hill  is  its  eastern.  The  same  surrounds  the  Cumberland  Coal 
Region.  This  is  the  formation  which  constitutes  so  many  of  the  long, 
straight  parallel  ridges  of  Central  and  Southwestern  Virginia.  Like 
the  Medina  sandstone  last  described,  it  is  of  immense  thickness  in  the  east 
and  thins  rapidly  towards  the  west.  Its  Atlantic  outcrop  is  over  two 
thousand  feet  thick,  hard  and  white,  while  its  supporting  red  roclcs.  No. 
IX.,  are  at  least  a  mile  in  thickness.  Only  the  upper  part  of  this  red 
mass,  however,  forms  the  terrace  or  supplementary  crest,  except  when  they 
all  lie  nearly  horizontal.    This  is  the  ease  Avith  the  Catakill.     Here  the 
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vast  piles  ascend  in  steps  a  height  of  three  tlmiisaml  feet,  IX.  upon  VIII- 
aiid  X.  upon  IX.,  ami  on  top  of  all  the  lower  layera  of  XI.  But  afi  we 
follow  thia  Easternmost  outcrop  south  through  Virginia  into  Tennessee, 
it  slowly  thins,  as  if  the  original  direction  of  the  aciHracnt  was  from  the 
north  and  east.  Yet  more  striking  is  the  ease  when  wc  pass  over  to  its 
inncT  oatcpopa.  Around  the  Broad  Top,  and  where  it  pnEses  do^m  lienoatli 
the  Great  Savage,  it  is  still  a  mountain  muss,  but  it  risgs  again  in  Ohio  and 
Northern  Pennsj'lvania  from  its  underground  journey  so  lean  and  elianged 
as  soircely  to  be  reet^nized.  It  is  there  a  greenish  eiincUtouo  less  thau 
two  hundred  feet  thick.  The  whole  intermediate  epaw,  of  efjursc,  it 
umt^rlies;  that  ia,  all  Northern  and  Western  Pennsylvania,  all  Wraterii 
Virginia,  and  the  whole  southern  region  of  the  Cumberland  Mountain. 
Here  it  is  aa  thin  aa  in  the  Catskill  region,  but  here,  as  there,  helps  to  pile 
Dp  the  immense  plateau  which,  narrowing  as  we  go  southward,  domineers 
with  its  lofty  terminal  crags  the  plains  ol'  Alabama." 
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The  false  or  proto-earboniferoua  formation  overlie  the  veaportiue  rocks. 
Thi*  formation  is,  perhaps,  eotcmporary  or  of  the  same  era  with  the 
English  lower  coal  series,  beneath  the  millstoae  grit.  It  rarely  develops 
iu  any  oommereial  valne  in  our  American  formations,  but  is  coextensive 
with  the  Appalachian  Coal-Basin.  We  find  thin  traces  of  coal  and  eoal- 
sbite  beneath  the  red  shale  or  on  the  vespertine,  around  the  anthracite  - 
ftirmations,  and  everywhere  along  its  inside  or  upper  fece  from  the  Catskill 
to  the  Lookout,  and  at  the  base  of  the  cnsteni  escarpment  of"  the  Allejjhany 
Moimtains  thin  scams  of  this  coal  have  been  found,  and  many  have  picked 
and  pried  into  them  withont  profit,  except  in  practical  experience.  Those 
Use  coal  measures,  and  the  thin,  imperfect  coals  they  bear,  have  been 
opraed  or  proved  near  Altoona,  on  the  Pennsylvania  Railroad,  at  the  base 
of  Sdelong  Hill,  Berkeley  coun^,  on  the  north  branch  of  the  Shenandoah, 
b  Ai^;tiata  county,  and  on  the  New  River,  in  Montgomery  county,  Vir- 
giinia,  and  in  other  localities  further  south.  But  the  coals  of  this  system 
We  never  been  developed  in  workable  quantities  or  of  marketable  value, 
acept  on  the  New  River,  in  Virginia;  and  here  we  find  a  truly  valuable 
<lepomt  of  workable  and  marketable  coal.  But  even  here  there  ia  no 
QDifimni^  of  strata,  and  mining  operations  are  subject  to  numerous  inter- 
nptiona  from  "up-throws"  and  "down-throws,"  and  frequent  faultB  ctf 
date  and  cUrt,  which  mar  the  coal.  Yet  this  is  a  valuable  deposit,  never- 
thden,  and  deserves  an  extended  notice  in  connection  with  the  coal-fleldfl 
of  Virginia  and  the  South,  and  which  will  be  found  further  on  in  its 
■ppruprisle  place,  from  our  own  practical  experience. 


42  GEOLOGY. 

UMBRAL  RED  SHALES. 

We  have  now  reached  the  red  shales  of  our  coal-fields,  so  well  know] 
and  so  ca&iiy  distinguished  by  their  peculiar  color  and  thin,  soft,  and  gen< 
rally  friable  nature.     This  must  have  been  a  pure  red  mud,  as  it  now  forn 
the  softest  of  rocks,  and  could  only  have  been  the  shore  deposits  of 
quiet  sea. 

This  soft  red  shale  of  No.  XI.  encircles  our  coal-fields  between  tl: 
vespertine,  Xo.  X.,  and  the  next  overlying  or  great  conglomerate,  N< 
XII.  of  the  true  coal  measures.  It  is  generally  cut  down  by  the  streai 
in  low,  deep  valleys,  with  the  vcsi)ertine  white  rocks  towering  in  mountai 
form  on  one  side,  and  the  great  conglomerate  in  almost  equal  bulk  on  tl 
other.  Occasionally  these  red  shale  valleys  are  widened  out  by  the  undi 
lation  of  the  strata,  and  present  fertile  and  cultivated  valleys  amid  tl 
wild  and  barren  mountains  of  X.  and  XII.  AVe  may  note,  for  instano 
the  Quakake,  Nescopcck,  Catawissa,  Mahantango,  and  Lykins  valleys,  i 
surrounding  the  anthracite  coal-fields;  while  others  of  more  or  less  noi 
exist  around  the  Alleghany  spurs  and  the  detached  coal-basins  on  tl 
waters  of  the  Susquehanna. 

This  deposit  thins  rapidly  in  a  western  direction.  Though  it  is  30C 
feet  thick  on  the  Schuylkill  and  Lehigh,  south  of  the  anthracite  fields,  an 
1000  at  Broad  Top  and  on  the  New  River,  in  Southwestern  Virginia, 
is  only  200  feet  thick  in  the  eastern  esc^arpmont  of  the  Alleghany,  aloB 
the  head-waters  of  the  Juniata,  and  is  lost  to  view  before  it  reaches  tl 
\  Alleghany  and  Monongahcla  Rivers. 

•  This  disappearance  is  owing  more  to  a  metamorphism  than  a  deprecii 
tion.  AVe  lose  sight  of  the  red  shale,  but  it  is  simply  a  change  from  tl 
red  mud  of  the  eastern  shore  of  the  Appalachian  Sea  to  the  mountains  < 
great  carboniferous  limestone  of  its  interior  basins.  The  limestone  pn 
dominates  and  increases  invariably  towards  the  centre  of  the  Appalachia 
formations;  while  the  sandstones,  shales,  slates,  and  coarse  conglomerate 
of  its  eastern  margin  depreciate  in  the  siinic  direction,  and  all  thoi 
formations  become  finer  in  grain  as  they  become  changed  in  bulk  an 
character.  This  Umbral  limestone,  which  usurps  the  place  of  the  Umbr: 
shale,  is  very  thin  on  its  northeastern  edges;  commencing  in  the  middle  c 
the  red  shales  but  a  few  feet  thick,  it  increases  in  thickness  in  a  souti 
western  direction  as  rapidly  as  the  red  shale  diminishes.  But  this  gre 
carboniferous  limestone — identical,  undoubtedly,  with  the  British  carboi 
iferous  lime— does  not  appear  to  diminish  in  the  same  proportion  towarc 
the  western  margin  of  the  ancient  or  Appalachian  Sea  It  is  found  in  tl 
Black  Hills  and  the  Rocky  Mountains,  and  even  farther  west,  to  tl 
plateaus  of  Sonora  and  the  Sierra  Nevada,  of  California,  giving  positii 
evidence  of  the  existence  of  coal  in  those  great  western  unexplored  region 
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THE  GREAT   CON'OLOUEaATE. 

ThU  is  the  fourtli  greut  sand-rock  in  tbe  pnlteozoic  formations,  and  Js 
Ihe  immediate  floor  or  baae  of  the  tnic  coal  mcasurea.  It  ta  deposittd  oil 
the  mail  of  the  umbral  red  shales  in  tUe  east,  where  it  is  of  great  tliiuk- 
aess,  and  is  composed  generally  of  a  conglomemtion  of  pure  whit«  wuter- 
wora  (luitrtz  pebbles,  from  the  size  of  a  pin-head  to  that  of  a  pigvon'o  ogg, 
cemented  together  by  natural  proassea. 

This  rock  ia  1000  feet  thick  on  the  enatcrn  and  southern  edges  of  the 
intbracite  coal-fields,  but  gradually  thins  in  a,  northwestci-n  direction  to  u 
tncTC  plattt  of  coarse-grained  sandstone, — occasionally  presenting  conglome- 
nXc  pebbles, — from  ten  to  thirty  feet  in  thickness,  and  extending  from 
PcnnsyUiinia  to  Alabama,  Sll^souri,  and  beyond. 

This  great  bed-rock  of  the  coal-fields  is,  to  a  certain  extent,  indeatriicti- 
lile.  It  hardens  in  the  atmosphere,  and  yields  not  to  the  action  of  water. 
Then;  arc  but  few  rocks  which  are  harder  and  more  tenacious,  or  which 
have  yielded  less  to  the  abrasion  of  the  denuding  forces.  We  quote  still 
farther  from  Prof.  Lesley's  manual : — 

"This  much,  however  i«  certain,  and  should  excite  our  admiration  aa 
one  of  those  curious  coincidences  which  may  well  bear  the  name  of  Provi- 
dence, and  be  received  as  evidences  of  the  forethought  of  benevolence, 
iliat  we  ore  indebted  to  this  en<jrnious  local  eastward  thickening  of  the 
coQ^lomemie  pro)>er  and  the  conglomerates  saudatono  above  it,  for  our 
»Dlhracitc  treaaures. 

'■  Had  the  rocks  beneath  the  anthracite  coal  been  the  mere  thin  sheets  of 
and  wliich  they  are  westward,  weakened  still  further  by  intercalations  of 
cliy  and  coal,  their  outcrop  edges  never  could  have  withstood  the  rush  of 
denuding  waters,  and  protected  na  they  did  the  mineral  fuel  within  their 
Agnatic  folds.  What  now  are  groups  of  long,  slender,  united,  or  closely- 
parallel  coal-basins,  would  have  been,  but  for  this  protection,  vasUs  of  red 
Bod^lone,  or  deep  lakes  in  the  olive  shales  of  No.  VIII.,  like  those  of  the 
north.  The  comparatively  little  coal  that  has  been  hardly  left  in  these 
Bmall  basins  would  have  gone  the  way  of  all  that  vast  original  dc^iosit 
'  tbe  debris  of  which  lies  buried  under  the  profoundest  bottoms  of  the 
Atlantic,  together  with  the  immensely  greater  ruin  of  the  formations 
I    onderlying  and  preceding  it." 

THE  COAL  HEAHintES. 

In  tfaic  ootliDe  sketch  we  msh  to  present  clearly  and  in  a  pnctioil 
UMUMr,  not  only  the  place  of  OxU  among  the  roeka,  but  to  illustrate  briefly 
tbe  extent  of  our  great  Appalachian  formations,  or  the  immense  area  of 
tW  American  coal-fields  within  its  wide  embrace,  which  reachea  from  the 
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liaurentfein  basins  to  the  cane-brakes  of  Alabama,  and  from  the  anthracite 
fields  of  Pennsylvania  to  the  uncertain  deposits  of  the  Black  Hills  on  the 
eastern  slope  of  the  Rocky  Mountains. 

The  greatest  development  of  the  coal  measures  or  the  coal  which  they 
contain  is  on  its  eastern  borders,  in  the  anthracite  basins  of  Pennsylvanii, 
and  the  great  Alleghany  coal-field,  which  occupies  so  large  a  part  of  its 
vast  area ;  and  this  seems  to  be  in  conformity  with  the  subordinate  strataS| 
which  also  have  their  greatest  development  along  their  Atlantic  margin. 
The  average  vertical  thickness  of  the  workable  Pennsylvania  anthracites 
being  sixty  feet,  while  its  total  or  maximum  thickness  will  reach  over  a 
hundred  feet;  the  workable  coals  of  the  Cumberland  basins,  in  Maryland, 
is  thirty-five  feet,  while  the  maximum  is  about  fifty  feet.  The  average 
workable  thickness  of  the  Alleghany  coal-field  is  twenty-five  feet,  while 
its  maximum  is  fifty  feet.  The  average  workable  thickness  of  most  of  the 
developed  Western  fields  is  ten  feet,  while  tlie  maximum  may  be  computed 
at  twenty-five  feet;  and  thus  we  find  a  gradual  thinning,  of  not  only  the 
subordinate  strata,  but  also  the  overlying  coals  which  they  support,  fix>m 
the  east  to  the  west.  But  we  may  here  state  the  fiict,  our  extreme  western 
margin  of  this  great  coal  area  is  to  the  present  generation  a  tei^a  incognita 
as  far  as  its  geology  and  minerals  are  conccrncil,  and  we  cannot  say  to  Avhat 
extent  the  common  depreciation  has  been  carried  beyond  the  central  basina. 

THICKNESS  AND  AREA  OF  THE  APPALACHIAN  COAL   FORMATIONS. 

In  this  estimate  of  the  Appalachian  coal  areas,  we  are  guided  by 
Prof.  Rosrers,  who  has  furnished  the  latest  available  iuformation  on  the 
subject. 

"The  eastern  half  of  the  continent  contains  five  great  coal-fields,  dis- 
tributed at  intervals  from  Xewfoiindland  to  Arkansas. 

"The  first,  or  most  easterly,  is  that  of  the  East  British  provinces, — 
Newfoundland,  Nova  Scotia,  Cajie  Breton,  and  New  Brunswick,— originally 
a  wide  coal-field,  broken  into  patches  by  uplifts  of  the  older  strata  and  by 
the  waters  of  the  St.  Lawrence  Gulf.  The  surface  covered  by  the  coal 
measures  of  the  provinces  is  probably  about  9000  square  miles,  but  appa- 
rently only  one-tenth  of  this  area  is  productive  in  coal. 

"The  second,  which  I  have  called  elsewhere  the  great  Appalachian  coal- 
field, commences  in  Pennsvlvania  and  extends  southwest  to  near  Tusca- 
loosa,  in  Alabama.  This  includes  several  outlying  lesser  basins, — those, 
for  example,  of  the  anthracite  coal  in  Eastern  Pennsylvania.  It  has  a 
total  area  of  70,000  square  miles. 

"The  third  is  the  smaller  coal-field  of  the  centre  of  Michigan,  equidis- 
tant from  Lake  Huron  and  Lake  Michigan.  The  area  of  this  may  be 
given  at  about  15,000  square  miles.     It  is  deficient  in  coal. 
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"The  fourth  is  the  great  coal-field  lying  between  the  Ohio,  and  &Iis»&- 
*ippi  aiiticlinalH,  aud  spreading  in  the  form  of  a  wide  elliptical  flat  basil) 
from  Kentucky  north  through  Indiana  and  Illinois  to  Rock  River.  This 
ffitimated  area  of  5(),(XX)  square  miles. 
'The  fifth  and  most  west  is  a  long  and  large  coal-field,  occupying 
the  centre  of  the  great  basin  of  carboniferous  rocks  which  spreads  from 
the  Miseissippi  and  Uzark  anticlinuls  wcel  to  the  visible  limits  of  tlic 
palfeozoic  region,  where  it  is  o%'erlapped  by  the  Middle  Secondary  and 
Cretaceous  deposits  of  the  prairies.  The  northern  limit  of  this  coal-field  is 
in  Iowa,  on  the  lowsi  River;  the  southern  is  near  tJie  Ri-d  River  on  the 
WEstem  confined  of  Arkansas;  and  the  total  area  of  the  great  irregular 
btein  h  not  Ies«  than  67,000  t>quare  loilea. 

"Summing  up  the  ecvend  areas  here  defined,  we  perceive  that  the 
immd  coal-fields  of  North  America  oceiii^  tlie  enormous  space  of  at  least 
300,000  ti<iuare  miles,  or  more  than  twenty  times  as  large  a  surface  a«  that 
which  includes  all  the  known  coal  deposits  of  Europe,  or  probably  of  the 
Betem  Conti&cut. 


"Comparative  measurements  of  the  thickness  of  these  several  deposits  of 
the  Anu-riceui  coal-fields,  indicate  a  marked  redaction  from  tlie  east  towards 
(he  west.  Those  of  the  Nova  Scotia  field,  as  meaeurcd  at  the  South 
Jog^DS,  Bay  of  Fundy,  show  a  thickness  of  nearly  3lXX)  fe6t;  those  of 
Uie  suuthciistem  anthracite  basin  of  Pennsylvania,  an  average  tliickncea 
iboat  us  great;  wliile  the  centi-al  portion  of  the  great  Appalachian  bitumi- 
iioas  basin  has  a  depth  not  exceeding  2500  feet.  Those  a^iu  of  thu  Illi- 
nois basin  are  probably  not  thicker  than  1500  feet;  while  the  last,  the 
Iowa  and  Missouri  basin,  is  evidently  much  ehallower,  its  total  depth  not 
lurpastiiug  probably  1000  feet. 

"In  Nova  Scotia,  the  coal-fields  contain,  in  the  Jogglna  sectaon,  in  all 
ibout  fifty  eeams  of  coal,  only  five  of  which,  however,  are  of  workable 
dimensions.  These  are  equivalent  to  about  twenty  feet  of  coal.  In  the 
<!«pest  anthracite  basin  of  Pennsylvania,  that  of  Schuylkill,  there  are, 
*here  the  formation  is  thickest,  about  fifty  seams  in  all;  but  twenty-fivo 
of  these  have  a  diameter  exceeding  three  feet  and  are  available  for  mining. 
In  the  groiit  Appalachian  coal-field  there  appear  to  be  twenty  beds  in  all, 
«Dd  nine  or  ten  of  these  are  of  workable  size.  Again,  in  the  broad  basin 
of  nUtiois,  Indiana,  and  Kentucky,  the  total  number  amounts  to  eighteen ; 
*ail  it  is  believed  that  seventeen  of  these  are  of  a  size  and  quality  suitable 
for  mining.  Only  two  or  three  such  are  believed  to  exist  in  the  shallow 
■od  much  denuded  basin  of  Michigan. 

"Stilt  further  west,  the  coal-fields  of  Iowa  and  Missouri  contain,  it  is 
Wieved,  only  two  or  three  beds  thick  enough  to  be  profitable,  while  the 


totnl  Dumber  of  seania  of  all  eizes  k  probably  not  more  tluui  twdve  or 
tliirtecn."* 

RECENT  COAL  FORMATIONS. 

We  cannot  properly  close  this  geological  sketch  of  the  rocks  of  the 
earth  and  the  place  of  coal  among  them,  without  referring  to  the  eoal 
formations  of  a  later  date  than  oar  hue  carboniferoaa  coal  meaaures.  Of 
those  later  formations  we  have  several  deposits  in  Virginia  and  North 
Carolina.  • 

The  palteozoic  strata  of  this  continent  are  rarely  overlaid  by  the  more 
recent  formations,  except  in  the  western  and  less  explored  portions;  while 
in  England  we  find  the  new  red  sandi<tone  and  magnesian  limestone  imme- 
diately overlaying  the  coal.  It  has  been  reported  that  we  have  a  small  coal 
formation  known  as  the  Permian, — which  belongs  geologically  immediately 
above  the  true  coal  measures, — over  the  eoal  of  one  or  two  of  our  vestem 
fields.  Most  of  our  new  or  late 
deposits  lie  along  the  ooeui 
belts  and  amid  the  oldest  rot^ 
oftheearth.  Thus, for instanoe, 
we  find  the  Juramh  ooala  of 
Virginia  and  North  Carolina 
deposited  in  or  on  the  granite 
and  gneiss  rocks  of  those 
States. 

The  Jurassic  is  of  later  date 
than  the  Permian  and  Triasme, 
and  nearly  cotemporary  with 
the  Oolitic 

In  order  to  embrace  a  fall 
stratigrapbical  view  of  Ameri- 
can geology,  we  give  an  illuB- 
tration  of  the  formations  fol- 
loMmg  the  palseozoio  in  order. 
Th  18  column,  it  will  beobacrved, 
reste  on  the  granite, — an  un- 
usual and  perhaps  anomalous 
position, — bat  nevertheless  re- 
presents the  true  status  of  those 
formations  The  Junswic  contains  the  eoal  of  Richmond  and  Deep  River, 
while  the  formations  resting  in  the  order  of  their  age  above  it,  are  all 


*  The  reader  ia  referred  to  Cliaplcr  XtX.    V«  have  found  it  nMCRMry  to  change  thcM 
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<lepo9>ts  of  a  late  period,  and,  in  this  county,  nrc  generally  found  resting 
I  ofl  the  older  rooks  wliicli  now  bound  tli^eic  ocean  shores. 
'     Vi'e  will  merely  notice  those  Jurassic  or  recent  cofll-fieldfl  in  the  present 
oonnection,  reserving  an  extended  description  for  its  appropriate  place  in 
I  (be  ensaing  pages. 

The  RiCHJioNB  COAL-FIELD  lies  on  or  in  a  deep — perhaps  volca,nio — 
dqtresaion  in  the  granite.  It  is  about  thirty  miles  long  by  five  miles 
wiie,  and  contains  one  hundred  and  eighty  flquare  miles  of  coal  formation. 
The  depth  of  the  basin  is  about  one  thousand  feet;  the  average  thickne^ 
of  its  coal  is  about  twenty-four  feet.  It  is  highly  bituminous  and  gaseous, 
disintegrates  readily  in  the  atmosphere,  and  is  liable  to  spontaneous  com- 
bustion. 

The  PiEDiroNT  ooal-pield  is  on  the  Appomattox,  in  Prince  Edward 
ind  Cumberland  counties,  Virginia,  ranging  in  a,  northeast  and  southwest 
direction  from  the  Roanoke  to  the  James.  The  formation  rests  on  the 
gneiss,  and  is  frequently  cut  and  interrupted  by  trap  dikes.  The  coal- 
bearing  strata  are,  perhaps,  not  more  than  twenty  miles  long  by  three  miles 
wide,  containing  an  area  of  less  than  twenty  square  miles  of  eoal.  It  eon- 
ttins  seven  or  eight  seams,  ranging  from  six  inches  to  three  feet  in  thickness, 
ud  not  more  than  uine  feet  of  workable  coal,  of  a  eulpharous  and  earthy 
injure. 

The  Dan  Rrvxn  coal-field  has  yet  no  fixed  location  or  name.  It 
Mtends  from  Ijcakesville  to  Germantown,  a  distance  of  thirty  miles,  in 
the  same  general  northeast  and  southwest  direction.  The  formation  is  in 
the  vicinity  of  the  gneiss,  but  is,  we  believe,  underlaid  by  sandstones  and 
slates.  The  coal  is  semi-bituminous,  and  contains  specimens  similar  to  the 
Pennsyivania  anthracites.  The  seams  are  limited  and  small.  We  take 
this  to  be  a  continuation  of  the  Piedmont  basin. 

The  Deep  River  coal-piei.d  of  North  Carolina  rests  unconformably 
npon  the  mica  slates  of  the  gneissic  period,  and  the  material  making  up 
the  formations  is  chiefly  derived  from  the  gold  belt  in  the  immediate 
Ticinitj'.  The  area  underlaid  with  coal  is  about  forty-five  square  miles. 
Rve  seams  of  ooal  exist,  the  main  one  being  from  five  to  six  feet  thick, 

We  may  merely  mention  here  the  existence  of  other  mineral  combusti- 
h!»,  such  as  lignite,  &q.,  which  are  found  in  still  more  recent  formations; 
'hot,  ss  we  do  not  propose  to  devote  much  time  or  space  to  their  eonsider- 
uiun,  it  is  not  advisable  to  extend  this  geological  aketcli  for  the  purpose 
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CHAPTER   III. 

FORMATION   AND  ORIGIN  OF  THE  APPALACHIANS. 

Tke  Appalachian  Basin — Ancient  Appalachian  Sea — Eastern  Tolcanie  Coast  Range— Depth 
of  the  Sea — ^Ancient  and  Modem  Formations — Depression  of  the  Crust — Lateral  Con- 
traction— The  Great  Limestone  Bed  of  the  Sea — Its  Immense  Store  of  Carbon — Carbonic 
Acid  and  Hydro-Carbon — Red  Shales — Conglomerates — Coal  Measures  of  the  Ancient 
Basin — Ancient  Riyers — Drainage  of  the  Continent — Physical  Changes — Condensation 
— ^Vacuum — Inyerted  Strata — Deep  Basins. 

THE  COAL  VEGETATION  COMMENCED. 

In  the  present  chapter  or  stage  of  our  work  it  seems  essential  that  we 
should  present  a  concise  view  of  the  probable  erection  of  the  Appalachian 
mountain-chain^  and  the  great  basin  which  by  common  consent  appears 
to  bear  their  name,  in  all  descriptions  of  that  ancient  sea  which  formerly 
occupied  the  eastern  half  of  our  continent,  and  which  is  now  occupied  by 
those  great  ranges  of  mountain  and  valley  from  the  Blue  Bidge  to  the 
Rocky  Mountains. 

So  little  is  known,  practically,  of  this  the  greatest  mass  of  the  earth's 
physical  proportions,  that  we  pro^wse  to  state  simply  such  fiicts  as  are 
well  attested,  or  self-evident,  in  relation  to  its  ancient  bed,  the  origin  of 
the  strata  which  now  occupy  its  deep  recesses,  and  the  natural  processes 
which  occasioned  the  change.  We  propose  to  separate  fact  from  theory 
as  far  as  possible;  but  our  conclusions  must  occasionally  be  theoretical. 
Yet,  as  a  preliminary  introduction  to  the  origin  and  formation  of  our  coal- 
fields  resting  in  and  on  those  Appalachian  basins,  it  seems  peculiarly 
appropriate  that  we  should  first  consider  the  origin  and  nature  of  the  older 
and  supporting  formations ;  since  it  will  appear  evident,  as  we  proceed,  that 
the  production  of  the  first  Mas,  to  a  great  extent,  necessary  to  the  forma- 
tion of  the  second. 

THE  ANCIENT  APPALACHIAN  SEA. 

The  margin  of  this  ancient  sea  is  not  only  now  plainly  defined  to  the^ 
eye  of  the  geologist,  but  an  investigation  of  the  fiict  would  lead  to  the 
same  result. 

In  the  first  place,  we  do  not  merely  infer,  but  we  know,  that  originally 
the  highest  portions  of  the  earth  were  mountains  of  the  pliUonic  rocks, 
granite,  <&c.,  and  that  the  boundaries  of  the  ancient  seas  must  have  been 
those  walls  of  granite, — since  the  gneiss,  or  first  sedimentary  rocks,  could 
not    exist    until    those   mountain-barriers   were    erected   to   confine    the 


udent  watere,  in  which  only  the  crystalline  or  stratifiwl  gneiss  could  Ixi 
fonncd.  It  b  thus  evident  that  the  groat  zone  of  granite  and  guciAs  wIi^cIj 
akads  from  Newfoundland,  or  Nova  Scotia,  in  the  northeast,  to  the  end 
of  the  grwit  Appalachian  chain  in  Georgia,  or  perhaps  to  Cuba  and  Iwjond ; 
tad  from  tlie  same  point,  north  of  the  Bt.  Lawrenre  and  the  great  lakes, 
must  have  been  the  northoostcm  and  eoutheastem  boundary  of  tlie  ancient 
tea.  That  this  great  zone  or  bolt  of  granite  was  originally  an  elevated 
mountain-range,  cannot  be  doubted,  since  it  is  jiositive  that  the  %vatcn 
which  it  conliued  were  once  as  high  as  the  tops  of  the  Alleghanies.  We 
■re  not  left,  however,  to  bare  stattnients  of  this  fact,  since  part  of  this 
great  and  ancient  mountain-range  etili  exists,  with,  perhaps,  much  of  ita 
olden  grandeur. 

We  may  merely  mention  the  granite  hJUfl  of  New  Hampshire  and 
Maine,  before  we  offer  in  evidence  the  vast  and  stujjendoua  granite  nioun- 
taiod  which  pile  up,  in  succesaive  ranges,  along  the  eastern  margin  of  the 
Appalaehian  basin,  in  Southwestern  Virginia,  Northweatcm  North  Caro- 
lina, East  Tennessee,  and  North  Georgia.  Here,  where  the  denuding 
igtncies  of  the  escaptug  waters  had  no  effect,  the  eastern  barriers  of  the 
UK'ipnt  sea  still  exist;  and,  had  not  the  destructive  effects  of  fire  atid 
water  operated  more  violently  in  the  northeast  than  the  eoutlieast,  we 
ilicald  silill  find  those  impassable  mountaim^  barring  our  way  to  the  West 
and  cutting  us  off  from  the  coal  of  the  inland  valleys:  in  fact,  we  should 
have  mountains  where  we  now  have  plains,  and  barren  hille  of  granite 
where  our  dties  now  stand.  . 

In  order  to  strengthen  the  evidence  still  more,  we  may  cite  the  fact  tliat 
iloDg  this  entire  line  or  belt  of  granite  unmistakable  evidence  ia  found  of 
its  early  volcanic  nature.  Deep  dykes,  as  the  last  effects  of  expiring  volc-a- 
no(*,  are  found  from  Nova  Scotia  to  Georgia, — generally  along  the  eastern 
margin  of  the  gneiss,  but  frequently  through  it. 

Tbc  fiwts  here  stated  mu^t  be  borne  in  mind,  to  properly  appreciate  the 
&ct£  which  are  to  follow.  Having  given  the  bounds  of  the  ancient  sen, 
we  may  now  state  its  depth ;  and  here  we  are  not  left  to  mere  conjecture, 
for  the  thiclmext  of  the  Paleeozoio  strata  which  now  fill  ita  bed  is  evidently 
the  measure  of  its  depth. 

The  sum  of  their  thickness  has  been  measured  pretty  accurately  by  the 
geoli^sts  of  the  State.  It  ranges  in  the  cast  from  25,000  to  36,000  feet, 
«■  from  5  to  7  miles,  in  thickness!  Now,  when  we  ■onsider  that  tlie 
PaWzoic  formations  are  only  part  of  tlic  siKlimentar)'  rocks,  which  fill  tlio 
dwp  caves  of  the  ancient  sea,  that  the  mctamorphie  or  crvHtallinc  sedi- 
mentary strata  still  underlies,  perhaps  to  the  depth  of  10,000  feet,  or  two 
niles  more,  and  tliat  the  present  elevation  of  the  remaining  portions  of 
the  ancient  mountain-lKirricr  in  Virginia  and  Pennsylvania  is  elevatetl  at 
k*it  five  thousand  (6000)  feet  above  the  sea, — a  base-line  we  have  adopted, — 
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we  can  form  some  conc^tion  of  the  enormous  depdi  of  the  great  sea  to 
the  east.  This  oompatation  woald  give  a  depth  of  ten  miles.  But  there 
are  modifications  of  this  estimate^  such  as  the  subsequent  depression  of  the 
strata^  which  perhaps  may  have  reduced  the  depth  to  two-thirds  or  on^ 
half  the  above  vertical  line.  Yet  the  &ct  of  an  enormous  depth  still  exists, 
even  in  five  miles  of  water  I 

From  the  fitct  of  depth,  which  cannot  be  doubted,  we  must  assume 
another  &ct^  which  is  no  less  self-evident, — which  is,  that  the  mountain^ 
barrier^  or  line  of  granite^  bounding  this  deep  sea,  must  have  had  one  deep, 
perpendicular^  or  weak  side^  adjoining  the  waters  on  the  west ;  while  that 
on  the  Atlantic^  or  east  side^  must  have  existed  to  some  extmt  in  its  pre* 
sent  gradually  inclining  form^  since  there  is  no  evidence  of  change.  The 
granite  still  exists^  though  greatly  depressed. 

We  see  now  before  us  a  long  line  of  high  and  steep  granite  shores, 
and  a  deep,  un&thomable  sea ;  and  we  have  the  existing  evidences  that 
these  mountains  were  actively  volcanic  even  until  a  late  day,  when  the 
ancient  sea  no  longer  existed.  The  consequence  has  been  that  both  the 
ancient  mountains  and  the  sea  have  disappeared ;  the  mountains  displaced 
the  sea,  but  the  sea  swallowed  the  mountains. 

Here  we  may  introduce  an  illustration  of  the  rocks  which  fill  the  basin, 
and  the  natural  causes  which  led  to  this  result.  It  will  aid  in  exemplifyii^ 
the  hypothesis  we  set  forth,  and  which  we  hope  to  prove  more  by  &ctB 
than  by  mere  scientific  conclusions,  which  hitherto  have  been  our  rule  in 
fathoming  what  seems  a  natural  phenomenon. 

APPAXACHIAN  FORMATIONS. 

In  the  accompanying  illustration,  Fig.  4,  we  do  not  give  the  details  of 
the  foldings  and  steep  reversed  dips  of  the  mountain-chains  now  filling  the 
eastern  edge  of  the  ancient  sea.  Such  detail  would  not  afiect  the  question, 
but  would,  in  the  limited  space  to  which  we  are  confined,  complicate  and 
confuse  the  general  idea  we  wish  to  impress. 

It  will  be  noticed  that  on  the  lefl,  or  east,  the  granite  rocks  still  form,  on 
a  lower  line,  the  bounds  of  the  basin;  while  in  the  background,  on  a 
higher  line,  is  shown  the  ancient  volcanic  belt  towering  above  (be  Alle- 
ghany summit;  while  the  streams  of  lava  from  its  crest  are  poured  into  the 
great  sea,  forming,  in  the  early  periods  and  in  the  boiling  waters,  the 
crystalline  gneiss,  and  during  later  eras,  the  higher  sedimentary  sandHnock& 

It  will  be  proper  to  remark,  here,  that  the  line  represented  by  the  illns* 
tration  is  a  transverse  section  across  the  Appalachian  chain  by  Cumberland, 
Maryland,  and  does  not  fairly  present  the  deep  fiexures  of  the  east  or  in 
the  vicinity  of  the  anthracite  coal-fields,  whose  location  are,  however, 
denoted. 


iTfUMmuji  MBKivAn 


[!  r  I?  li 


62  THE  APPALACHIANS. 

It  is  also  necessary  to  remark  that  volcanic  action  was  not  confined 
entirely,  though  principally,  to  the  surrounding  granite  zone.  In  all  pro- 
bability, active  volcanoes  existed  in  the  interior  of  the  basin,  particularly 
before  the  formation  of  the  great  limestone, — the  Auroral,  or  No.  II.,  of 
Rogers, — as  we  have  shown  in  several  instances;  but  their  location  we  can 
only  tell  by  the  anticlinals  which  now  swell  the  surface.  And  these  are 
not  positive  evidences,  since  the  original  surface  of  the  granite  floor  was,  in 
all  probability,  usually  corrugated  and  uneven.  Those  minor  details, 
however,  do  not  affect  the  proposition  regarding  the  origin  and  formation 
of  the  great  basin,  which  we  assume  to  be  as  generally  set  forth :  that  the 
ancient  sea  was  deepest  on  the  northeast,  and  bounded  by  a  zone  or  belt  of 
volcanic  mountains,  which  produced  the  material,  in  part  or  in  whole,  now 
reposing  in  its  deep  gul&. 

As  before  stated,  the  granite  shores  were  precipitous,  and,  consequently, 
weakest  on  the  east  or  sea  margin.  Hence,  volcanic  action  was  confined 
to  that  side,  and  the  mountain-barrier  gradually  worn  down  as  the  waters 
became  shallow  by  the  filling  up  of  their  depth.  The  enormous  amount 
of  material  thrown  into  those  deep  basins  would  naturally  raise  even  the 
waters  of  the  sea,  and  as  naturally  cause  not  only  the  general  depression 
of  the  crust  of  the  earth  in  an  eastern  direction,  but  wear  down  the 
mountains  themselves.  The  most  natural  consequence  of  this  raising  of 
the  waters  and  depression  of  the  land  which  confined  them,  was  the  final 
escape  of  the  pent-up  sea  from  its  ancient  limits,  and  the  overflowing  of 
the  land  to  the  east;  and  whether  the  Atlantic  then  existed  on  a  level  with 
the  Appalachian  Sea  or  not,  the  effect  would  be  the  same;  for  the  granite 
hills  of  the  east,  worn  on  one  side  by  the  billows  of  the  Atlantic,  and  on 
the  other  by  the  waves  of  the  ancient  sea,  could  not  resist  their  abrading 
influences,  while  the  fierce  volcanic  action  still  wore  down  the  crater  and 
still  depressed  the  crust. 

But  a  portion  of  the  ancient  barrier  resisted  the  combined  attacks,  and 
still  stands  to  attest  the  magnitude  and  grandeur  of  those  ancient  limits. 
We  allude  to  the  mountains  of  East  Tennessee  and  the  adjoining  States. 
Yet  it  is  singular  that  the  thickest  portions  of  the  crust,  or  where  we 
might  assume  the  greatest  magnitude  of  mountain  border  to  have  existed, 
towards  the  northeast,  first  yielded  to  the  combined  action  of  the  fire  and 
watei\  It  is,  however,  only  another  fiict  to  prove  the  general  truth  of  the 
hypothesis,  since  the  investigations  of  all  our  geologists  show  that  the 
greatest  amount  of  solid  matter  now  filling  the  great  basin  came  from  a 
northeastern  direction;  and  hence  the  more  rapid  subsidence  of  the  crust 
in  that  locality,  since  such  would  be  the  natural  sequence  of  the  more  rapid 
ej(K*tion  of  the  fluid  matter  supporting  the  crust. 

We  may  here  observe,  this  violent  change  of  subterranean  matter  from 
the  interior  to  the  exterior  of  the  earth  not  only  lowered  the  crust  of  the 
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earth  in  one  direction  and  raised  it  in  another,  but  had  the  effect  of  flexing 
and  frequently  inverting  the  strata  which  had  been  formed  in  the  vicinity 
of  the  deeper  basins,  and  within  the  influence  of  the  contraction,  caused  by 
the  spasmodic  action  of  the  internal  volcanic  heat;  that  is,  the  strata 
deposited  on  the  sharp  axes  of  deep  synclinals,  or  basins,  would  be  further 
deepened  by  the  contraction  or  subsidence  of  those  basins;  while  the  sur- 
face would  rather  contract,  also,  than  expand  under  the  same  influence, 
and  thus  the  angle  of  the  strata  become  greater,  and,  in  many  cases,  even 
inverted.  But  this  we  do  not  assume  to  be  the  only  cause  of  the  inverted 
strata,  so  prevalent  in  the  East;  though  we  think  it  the  chief  or  normal 
cause. 

The  sedimentary  strata  would  naturally  conform  to  the  surface  over 
which  they  were  stratified;  and  as  the  granite  surface  is,  and  apparently 
was,  generally  uneven,  the  metamorphic  or  gneissic  strata  first  deposited 
assumed  the  corrugations  and  angles  of  the  original  foundation.  These 
appear  to  have  been  in  long  lines  running  northeast  and  southwest,  wide 
and  broad  in  the  west  and  centre  of  the  great  basin,  and  narrow,  steep,  and 
deep  towards  the  east.  On  those  the  Appalachian  chains  were  folded, 
growing  narrower  and  steeper  as  the  basins  subsided,  with  the  general 
crust  movement  towards  the  east;  and,  as  the  crusts  of  the  strata  came 
closer  together,  by  the  general  or  lateral  contraction. 

It  is  very  evident  that  our  sedimentary  strata  were  not  laid  horizontally 
when  originally  deposited,  but  conformed,  as  we  have  stated,  to  the  general 
uneven  surface  of  a  granitic  and  volcanic  period ;  yet  many  of  our  geolo- 
gists assume  such  to  be  the  general  law,  and  they  then  assume  a  natural 
impossibility  to  account  for  the  flexures  of  the  strata  in  the  phenomena  of 
earthquakes  and  internal  throes  or  pressure  to  uplift  the  mountain-axis. 
But  those  folds  and  deep  basins  must  have  been  formed  naturally  and 
gradually  as  the  current  subsided  in  certain  directions,  and  as  the  surface 
of  the  earth  generally  contracted  by  the  condensation  of  its  materials. 
When  we  consider  how  much  the  tire  of  a  wagon-wheel  contracts  on  cool- 
ing, we  can  form  some  idea  of  what  the  contraction  of  the  crust  of  the 
earth  must  be.  This  contraction  first  tends  to  eject  the  fluid  matter  of  the 
interior  in  volcanic  violence.  But  when  the  exterior  crust  has  expended  its 
heat  and  ceased  its  condensation,  the  continued  contraction  of  the  interior 
crust,  or  condensation  of  the  liquid  mass  forming  the  great  bulk  of  the 
earth,  the  exterior  strata  must  yield  in  folds,  depressing  or  rising  as  the 
interior  condenses.  If  this  effect  was  common  to  all  parts  of  the  earth^s 
crust,  and  evenly  distributed  over  the  surface,  the  undulations  would  not  be 
80  great.  But  such  is  not  the  effect,  since  the  weakest  points  are  always 
folded  first,  and  the  deepest  basins  are  always  made  deeper  by  the  same 
cause,  on  the  same  principle,  that  it  is  easier  to  bend  a  weak  sapling 
already  partially  bent,  than  to  bend  a  tree  that  is  strong  and  straight. 
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It  is  also  necessary  to  remark  that  volcanic  action  was  not  confined 
entirely,  though  principally,  to  the  surrounding  granite  zone.  In  all  pro- 
bability, active  volcanoes  exbted  in  the  interior  of  the  basin,  particularly 
before  the  formation  of  the  great  UmeMone, — the  Auroral,  or  No.  II.,  of 
Rogers, — as  we  have  shown  in  several  instances;  but  their  location  we  can 
only  tell  by  the  anticlinals  which  now  swell  the  surface.  And  these  are 
not  positive  evidences,  since  the  original  surface  of  the  granite  floor  was,  in 
all  probability,  usually  corrugated  and  uneven.  Those  minor  details, 
however,  do  not  affect  the  proposition  n^rding  the  origin  and  formation 
of  the  great  basin,  which  we  assume  to  be  as  generally  set  forth:  that  the 
ancient  sea  was  deepest  on  the  northeast,  and  bounded  by  a  zone  or  belt  of 
volcanic  mountains,  which  produced  the  material,  in  part  or  in  whole,  now 
reposing  in  its  deep  gul&. 

As  before  stated,  the  granite  shores  were  preoii)itous,  and,  consequently, 
weakest  on  the  east  or  sea  margin.  Hence,  volcanic  action  vras  confined 
to  that  side,  and  the  mountain-barrier  gradually  worn  down  as  the  waters 
became  shallow  by  the  filling  up  of  their  dej^h.  The  enormous  amount 
of  material  thrown  into  those  deep  basins  would  naturally  raise  even  the 
waters  of  the  sea,  and  as  naturally  cause  not  only  the  general  depression 
of  the  crust  of  the  earth  in  an  eastern  direction,  but  wear  down  the 
mountains  themselves.  The  most  natural  consequence  of  this  raising  of 
the  waters  and  depression  of  the  land  which  confined  thera,  was  the  final 
escape  of  the  pent-up  sea  from  its  ancient  limits,  and  the  overflowing  of 
the  land  to  the  east;  and  whether  the  Atlantic  then  existed  on  a  level  with 
the  Appalachian  Sea  or  not,  the  effect  would  be  the  same;  for  the  granite 
hills  of  the  east,  worn  on  one  side  by  the  billows  of  the  Atlantic^  and  on 
the  other  by  the  waves  of  the  ancient  sea,  could  not  resist  their  abrading 
influences,  while  the  fierce  volcanic  action  still  wore  down  the  crater  and 
still  depressed  the  crust. 

But  a  portion  of  the  ancient  barrier  resisted  the  combined  attacks,  and 
still  stands  to  attest  the  magnitude  and  grandeur  of  those  ancient  limits. 
We  allude  to  the  mountains  of  East  Tennessee  and  the  adjoining  States. 
Yet  it  is  singular  that  the  thickest  portions  of  the  crust,  or  where  we 
might  assume  the  greatest  magnitude  of  mountain  border  to  have  existed, 
towards  the  northeast,  first  yielded  to  the  combined  action  of  the  fire  and 
water.  It  is,  however,  only  another  fact  to  prove  the  general  truth  of  the 
hypothesis,  since  the  investigations  of  all  our  geologists  show  that  the 
greatest  amount  of  solid  matter  now  filling  the  great  basin  came  from  a 
northeastern  direction ;  and  hence  the  more  rapid  subsidence  of  the  crust 
in  that  locality,  since  such  would  be  the  natural  sequence  of  the  more  rapid 
ejection  of  the  fluid  matter  supporting  the  crust. 

We  may  here  observe,  this  violent  change  of  subterranean  matter  from 
the  interior  to  the  exterior  of  the  earth  not  only  lowered  the  crust  of  the 
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avth  IB  an  firectioii  and  raised  it  in  aootbtr,  bot  bad  the  effect  of  flexing 
and  fte^puatt^  isTcrting  the  strata  irhlch  bad  been  formed  ia  the  vicinity 
tt  dw  deefMT  ba^na,  and  within  Uw  infloenoe  of  the  coatraiHion,  caused  by 
tin  qpaBaaodie  aotion  at  tib'e  intdnial  vokanic  heat;  tlmt  is,  the  strata 
dq^OBted  OQ  the  ahaip  axea  of  deep  syodinala,  or  basics,  would  he  further 
da|Mned  bx  the cratnotion  or  anbaidenoe  of  those  basins;  while  the  sur- 
ftoe  wosld  n&a  contract,  alao,  than  expand  tmder  the  same  influence, 
nd  dtoa  the  ai^le  of  the  atcata  become  greater,  and,  in  many  cospk,  even 
tanrled.  Bat  this  we  do  not  asBame  to  be  the  only  cause  of  the  inverted 
itnta,  so  preralent  in  the  East;  tbongh  we  think  it  the  chief  or  normal 

The  eedimentarjr  Btnita  would  oatoially  conform  to  the  Bnrfioa  over 
iriiidi  they  were  abatified;  and  as  the  granite  aar&ce  is,  and  appareotfy 
ma,  generally  uneven,  the  metamorpbio  or  gneissio  rirata  flnt  deposited 
mamei  &e  cormgations  and  aagleB  of  the  miginal  foundation.  These 
^lear  to  bare  been  in  long  Unes  ninning  D<»4iiea8t  and  Bonthwest,  witte 
nd  broad  in  tile  west  and  oentre  of  the  great  basin,  and  narrow,  steep,  and 
dap  towarda  the  eart.  On  tlioee  the  Appalachian  chains  were  folded, 
gKnring  oanower  and  stoepw  as  the  faasina  sabeided,  with  the  gemeral 
end  moveinent  towards  dw  east;  andj  as  the  crosts-of  the  rtram  casae 
ekao-  togedur,  by  the  general  m  lataral  oontnctitm. 

It  is  very  evi^t  that  onr  eedimeitary  strata  were  not  hid  horisODtalljr 
*hen  wiginally  deposited,  bat  oooformed,  as  we  have  stated,  to  the  generil 
ineven  BOr&ce  of  a  gninitio  and  volcanic  period ;  yet  nuu^  of  oar  geolo- 
gists assume  such  to  be  the  general  law,  and  they  then  assume  a  natural 
impossibility  to  account  for  the  flexures  of  the  strata  in  the  phenomena  of 
earthquakes  and  internal  throes  or  pressure  to  uplift  the  mountain-axis, 
fiat  those  folds  and  deep  basins  must  have  been  formed  naturally  and 
gradually  as  the  current  subsided  in  certain  directions,  and  as  the  surfitce 
of  the  etoth  generally  contracted  by  the  condensation  of  its  materials. 
Vhen  we  consider  how  much  the  tire  of  a  wagon-wheel  contracts  on  cool- 
ing, we  can  form  some  idea  of  what  the  contraction  of  the  crust  of  the 
(uth  must  be.  Thia  contraction  first  tends  to  eject  the  fluid  matter  of  the 
interior  in  volcanic  violence.  But  when  the  exterior  crust  has  expended  its 
heat  and  ceased  its  condensation,  the  continued  contraction  of  the  interior 
oust,  or  condensation  of  the  liquid  mass  forming  the  great  bulk  of  the 
ewth,  the  exterior  strata  must  yield  in  folds,  depressing  or  rising  as  the 
interior  condenses.  If  this  effect  was  common  to  all  parts  of  the  earth's 
mat,  and  evenly  distributed  over  the  snr&ce,  the  undulations  would  not  bo 
*>  gnat.  But  such  is  not  the  effect,  since  the  weakest  points  are  always 
folded  first,  and  the  deepest  basins  are  always  made  deeper  by  the  same 
caose,  on  the  same  principle,  that  it  is  easier  to  bend  a  weak  sapling 
ilready  partially  bent,  than  to  bend  a  tree  that  is  strong  and  straight. 
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Prof.  Rogers,  in  his  Geology  of  Pennsylvania,  assumes  the  great  Appa* 
lachian  basin  to  have  been  elevated  bodily  from  the  ancient  sea,  to  account 
for  its  drainage  and  its  coal  formations.  But  a  moment's  thought  is  suffi* 
dent  to  dispel  an  idea  so  impractical  and  *at  variance  with  the  laws  of 
Nature,  particularly  when  an  elevation  and  depression  of  half  a  continent 
— ^whose  crust  must  have  been  over  twenty  miles  thick — ^is  required  to 
account  for  the  formation  of  each  coal-seam.  When  we  know  how  weak 
and  comparatively  thin  the  crust  of  the  earth  must  have  been  at  that  early 
day,  when  volcanic  action  was  in  full  vigor,  in  the  East,  and  perhaps,  too, 
in  the  West,  since  it  has  not,  even  to  this  day,  entirely  subsided,  we  can 
realize  how  impossible  a  thing  it  would  have  been  to  lift  this  incalculable 
mass.  How  much  more  readily  would  the  pent-up  gases  have  found  a 
vent  through  the  volcanic  channels  which  had  served  as  an  escape  so  long! 

We  do  not  intend  to  extend  this  chapter  by  simply  refuting  absurd 
theories  while  we  are  trying  to  establish  a  new  hypothesis  from  the  existing 
iacts,  but  will  now  proceed  to  offer  additional  evidence  and  give  additional 
facts  to  establish  this  wonderful  creation  as  the  result  of  plain  and  common 
processes  of  Nature. 

We  will  not  reiterate  the  facts  already  given,  but  again  state  the 
hypothesis  briefly.  The  strata  now  reposing  in  the  bed  of  the  ancient 
Appalachian  Sea  were  derived  chiefly  from  the  volcanic  mountains  which 
bounded  its  coasts  on  the  east  and  nortlicast;  and  the  processes  effecting  the 
same,  as  before  stated,  were  natural  and  simple. 

To  the  period  of  the  Auroral  or  Great  Limestone,  there  appears  to  have 
been  but  little  interruption  to  the  volcanic  agencies  and  the  process  of 
change,  or  metamorphism  of  matter,  from  the  fluid  lava  to  the  sedimentary 
strata  resulting  therefrom.  But  at  this  period  there  must  have  been  a  long 
calm,  since  the  Great  Limestone  could  not  have  been  created  in  the  manner 
and  from  the  material  of  the  subordinate  strata.  The  volcanoes  were 
comparatively  quiet,  having  vented,  perhaps,  the  fluids  and  vapors  which 
had  formerly  existed  in  a  state  of  tension  in  the  bowels  of  the  earth ;  and 
this  assumption  is  sustained  by  the  fact,  that  this  state  of  quiet  or  rest  from 
violent  volcanic  action  was  general,  since  the  limestones  were  the  cotempo- 
rary  formation  of  this  period  in  nearly  all  parts  of  the  earth. 

Its  formation  was  on  a  grand  scale  in  the  ancient  Appalachian  Sea.  Its 
area  was,  of  course,  coextensive  with  the  waters  in  which  it  was  formed,  while 
its  maximum  thickness  was  a  mile  I  When  we  consider  the  boundaries 
and  extent  of  this  great  sea, — ^whose  landmarks  are  so  well  preserved, — 
we  can  form  some  idea  of  the  magnitude  of  the  limestone  formations  of 
this  era. 

THE  GREAT  LIMESTONE. 

Its  limits  follow  closely  the  ancient  boundaries  of  the  sea,  as  formerly 
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set  forth,  but  is  encircled  by  the  rim  of  metamorphic  Btrata,  ■which  was 
the  production  of  volcanic  agencies  to  the  period  of  the  lime.  We  may  note 
the  present  outcrojs  of  this  great  ocean-bed.  Starting  from  the  southern 
portion  of  Alabama,  near  the  confluence  of  the  Cooaa  with  the  Alabama 
Biver,  ita  eastern  margin  lies  along  the  great  valley  region  described  in 
Chapter  II., — forming  one  of  the  most  beautifnl  and  productive  ri'gions  of 
the  continent, — through  all  the  Atlantic  Stat&s  to  Nova  Scotia.  Its  cour9e 
IE  then  through  the  Laurcntian  basina  west  to  Montreal,  and  thence  aronod 
the  north  shores  of  Lake  Ontario  and  the  Georgian  Bay  of  Lake  Huron; 
lod  still  further  west,  sweeping  the  north  and  west  sidea  of  Lake  Michi- 
pa,  through  Green  Bay  and  Winnebago  Lake  and  Wisconsin,  until  it 
nachce  the  Mi^i^ippi.  It  passes  through  the  northern  portions  of  Iowa, 
■nd  thence  in  an  indefiuite  course  to  the  Rocky  Mountains, — along  their 
extern  slopes  to  the  northern  borders  of  Texa^,  through  which  Slate  it 
circles  back  towards  the  Miesiaeippi  River.  But  ita  southern  limits  are  not 
»ell  defined,  nor  can  ve  so  well  determine  the  ancient  IimiM  of  the  Appa- 
lachian Sea  towards  the  south,  whetiier  it  included  the  Gulf  and  was  isolated 
from  the  Atlantic  by  a  continuation  of  the  granite  boundary  through 
Florida  and  Cuba  to  the  Southern  Continent,  or  waa  on  a  level  and  la 
cDot^neDce  with  the  Atlantic. 

We  may  safely  assume  that  the  area  of  this  Great  Limestone  is  not  less 
than  1,500,000  square  miles,  and  as  safely  compute  its  average  thickness 
at  not  less  than  1000  feet, — its  maximum  thickness  being  nearly  5000  feet, 
while  its  minimum  we  have  never  seen  less  than  1000  feet. 

This  entire  mass  coutains  a  vast  store  of  carbonic  acid;  its  maximum 
pro[)ortion  to  the  whole  being  about  40  per  cent,  and  ita  minimum  20  per 
«nt,,  giving  an  average  of  about  30  per  cent,  carbonic  acid,  one-half  of 
which,  or  15  per  cent.,  is  carbou;  or  one  square  mile  of  this  limestone,  at 
SD  average  of  1000  feet  thick,  contains  as  much  carbon  aa  the  general 
production  of  our  anthracite  coal-fields  to  the  square  mile. 

Carbonic  acid  is  liqucfie<l  under  a  pressure  of  40  atmospheres,  and 
betomea  solid  by  evaporation. 

The  vapor  of  carbon  mixing  with  the  hydr<^n  of  water  at  high  tem- 
peratures forms  carburftUd  hydrogen,  ooal-oil,  petroleum,  ruiphtha,  &c. 

Since  it  has  been  determined  that  our  limestone  rocks  have  not  been 
ibrmed  by  the  sedimentary  deposits  of  solid  matter,  aa  the  accompanying 
sndstoncs  and  slates  are  formed,  it  may  be  an  interesting  question  to 
dptennine  how  they  were  formed.  There  appear  to  be  only  two  theories 
ivallahle:  one  providing  for  its  creation  by  the  industrious  labors  of 
Omads  of  marine  insects,  and  the  other  assuming  that  the  waters  con- 
liining  carbonic  add,  holding  the  carbonatea  of  lime  and  magnesia  in 
nlutioo,  had  precipitated  those  salts  at  a  boiling-heat.  The  letter  theory 
Una  plausible,  since  the  vapors  of  carbon  must  have  been  in  excess  in  the 
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air  and  in  the  waters.  Until  this  period  there  could  have  been  no  posa- 
Ulity  of  its  return  to  the  earth  in  large  quantities  by  condensation,  pre- 
cipitation, or  through  animal  or  vegetable  life.  The  heat  that  v&porized 
it  Ftill  prevented  its  condensation:  therefore,  both  the  atmosphere  and  the 
'.v.-ncTB  must  Iiave  been  surcharged  M'ith  carbonic  acid,  which,  during  the 
iin«t  cessation  of  volcanic  heat  and  violence,  returned  to  the  earth  in  the 
»ha[ie  of  lime.  Such  is  thc^  natural  process;  and  such,  we  may  observe, 
2rjust  have  been  the  cause  and  result  during  the  formation  of  the  second 
fjr  great  carboniferous  limestone. 

We  may  not  reiterate  here  the  successive  formations  of  the  Palseozoio 
tftrata,  a.s  described  in  Chapter  II.,  but  wc  must  notice  the  &ct  of  a  frequent 
Hfcurrence  of  volcanic  action  and  violence  from  the  first  to  the  second 
IJ^rtoLt  limestones.  It  was  intermittent,  however,  and  more  or  less  violent 
tlirough  a  long  series  of  formations  of  sandstones,  slates,  shales,  and  lime- 
f^tones.  In  those  formations  wc  find  the  ciirbon  preserved  in  available 
form  in  the  shape  of  carbonic  acid  in  //me,  and  hydrocarbon  in  petroleum. 
From  the  first  great  limestone  to  tlie  base  of  the  coal  measures,  more  or 
less  of  the  hydrocarbons  was  preserved  in  the  limestones  and  bituminous 
shales.  But  it  must  be  remarked,  in  explanation  of  its  absence  in  certain 
hxations,  the  hydrocarbons  do  not  exist  in  formations  which  admit  of 
tlieir  escape  in  gas;  nor  were  they  formed  at  the  period  of  those  precipitates 
in  which  tliey  arc  found,  but  were  the  production  of  subterranean  gasos 
since.  ^ 

We  may  now  pass  over  the  subsequent  periods  following  the  formatio& 
of  the  great  limestone  to  the  immense  sand-rocks  of  the  "old  red"  and 
tlic  sulxsirboniferoiis,  which,  again,  must  have  been  produced  by  heat  and 
violence,  followed,  as  before,  by  quiet  and  a  reduction  of  temperature;  and 
tlie  result,  as  before,  was  the  production  of  lime. 

There  is  a  singular  and  unaccountable  circumstance  connected  with  the 
carboniferous  lime  which  claims  our  attention.  In  the  east  and  northeast 
<jf  the  Alleghany  basin,  the  subcarboniferous  strata  are  the  well-known  red 
ijutlcs  of  our  anthracite  coal-fields,  but  to  the  west  it  is  the  carboniferous 
limcHtone.  The  one  gradually  takes  the  place  of  the  other;  the  lime 
thinning  to  the  east  and  enlarging  to  the  west,  while  the  other  tliins  to  the 
WffMt  and  increases  to  the  east. 

Prof.  Rogers  accounts  for  this  change  in  the  assumption  that  the  lime 
WMH  |M!(!uliarly  a  marine  production,  and  came  in  from  tlie  southwest; 
while  the  IUhI  Shale,  or  "Umbral,"  was  a  shore  or  land  production,  and 
<3iT/i(!  fr(»m  the  east.  This  seems  plausible;  but  we  cannot  imagine  why 
th<i  Haiiie  rule  did  not  work  during  the  formation  of  the  first  or  Auroral 
iimcKtone,  which  is,  perhaps,  thicker  on  the  east  than  elsewhere! 

ThcTo  can  be  no  doubt  but  the  amount  of  lime  in  the  red  shale  is  equal 
to  Uie  average  deposit  where  the  red  shale  commences  to  thin,  or  even 
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vbo^  it  doca  not  exist;  tliat  is,  llic  amount  of  lime  in  the  red  ,=liaips  of 
ttftast  ifi  equal  to  the  Itiue  formations  of  tlio  west  under  equal  areas. 
"Bowever  we  may  aceoimt  for  the  change  from  shale  to  limeslone,  or 
tti  Krs(f,  we  know  that  ijotJi  must  have  l>een  formed  in  a  quiet  nea  and 
Anting  a  eeasoa  of  comparatively  low  temperature,  eince  the  greater  por- 
tion of  tlie  shale  is  a  soft,  ped  miid  of  almost  impaliialile  fineness,  and 
W  been  evenly  deposited  in  the  most  confurmablo  manner  as  an  atjueoua , 
Kdimcnt. 

THE  OEEAT  CONGLOMERATE. 

The  fbrmatioa  next  in  order  of  deposit  in  the  watprs  of  the  ancient  sea 
is  the  great  Conglomerate,  which  is  tlie  tloor  and  Iwise  of  the  coal  meaeupes. 
This  formation,  like  all  the  strata  of  tht;  Appalachian  basin,  e.veepting  the 
lime,  is  in  vast  preponderauco  in  the  east,  particularly  in  the  vicinity  of 
the  uithmeite  coal-field.t.  Here  it  is  over  1000  feet  in  thickness  along  its 
lower  bonier,  but  thins  off  rapidly  in  a  western  direction.  On  the  western 
ooU^rop  of  the  Wyoming  coal-field  it  is  about  100  feet  tliick ;  and  on  the 
astern  esearjiment  of  the  Alleghany,  iu  the  game  dircetion  wesf,  it  is  not 
over  30  feet;  while  througbout  the  Western  coal-fields  it  ranges  from  10 
» 15  f«et 

There  are  several  theories  regarding  Ais  extraordinary  formation.  It 
is  com[>osed  of  a  conglomeration  of  pebbles,  chie6y  of  a  white  quartzoae 
duiscter,  but  is  made  up  otherwise  of  a  great  variety  of  rocks  in  pebble 
ibpe,  cemented  by  arenaceous  and  ai^illaceous  material  of  all  ages  except 
the  primitive.  Prof.  Rogers  thinks  it  the  drift  or  wash  of  some  ancient 
mrrent,  sweeping  with  great  force  from  the  southeast,  or  "towards  a  point 
i  little  west  of  north,"  evidently  the  ocean-tides. 

There  are  circumstances  which  substantially  support  this  conclusion, 
fflth  as  the  general  water-worn  character  of  the  diversified  and  imbedded 
I  pebbles,  the  intervening  strata  of  shale  and  sandstone,  and  the  want  of 
imiformity  in  the  strata  and  composition  of  the  conglomeratic  rocks.  It 
pvideutly  could  not  have  been  of  _volcanic  origin,  siuco  there  appears  to  be 
little  or  none  of  the  pure  igneous  rocks  in  the  mass,  but  all  came  from  the 
nbaeqaeDt  sedimentary  formations. 

The  conglomerate  must  have  been  formed  immediately  after  the  carbon- 
iferous limestone,  and  perhaps  partly  cot«mporaneous  with  it.  The  com- 
■lotim  of  the  tides  along  the  eastfim  coasts,  and  the  different  conditions  tyi  the 
mter,  jn^vented  the  formation  of  lime,  or  precipitated  it  among  the  enor- 
■ooa  mass  of  shales  and  conglomerate  which  has  talcen  its  place  in  the 
Ewt  Tfae  carboniferous  lime  is  200  feet  thick  at  Fittsbui^,  while  the 
Umbral  red  ebale  is  3000  feet  thick  at  Fottsville,  and  intermediate  the 
nine  proportions  wilt  bold  good,  since  both  the  shale  and  the  lime  thin 
Ki  the  same  ratio.     Thos,  if  the  limestone  contains,  on  an  average,  45  per 
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eent.  <if  cubooate^ — ^vhich  it  doea  not, — 4he  Umlnftl  mmid  absorb  tha 
wiiole  with  an  impensptiUe  ^oportion  of  3  per  oent.  of  the  flubooate  at  • 
lime. 

We  aim  notice  the  abeenoe  of  iHhiminotu  matter  in  the  fbrmatiom  tt  > 
the  East,  irhich  evidently  contd  not  have  been  for  the  want  of  carbon ;  brt  ^ 
the  oonditiaQs  which  thyg  and  BubseQuently  ezuted  woq  difierent  fioB  ' 
those  of  the  West,  and,  OMtaeqamtlj}  not  only  one  but  all  fbrmatioDi  ban  - 
felt  tbe  nTiulting  cbaoge. 

The  only  naaonable  theory  in  coDtmdiction  to  the  fiwegoing,  in  r^aid  - 
to  tbe  formation  of  tbe  conglomente,  ia  that  they  are,  or  may  be,  wator 
crystals  or  concretions;  bat  tbe  e\'ideoce  against  this  theoiy  seems  to  be 
ocmclnBiv^  and  we  need  not  present  the  arguments  of  tbe  theoriatB. 


COAL  POBMATIOSS  OF  THE  ANCIENT  BASIS. 

We  have  now,  step  by  step,  from  the  deepest  formations  which  ban  - 
filled  the  Appalachian  basins,  arnved  at  tbe  upper  and  most  magnififwiti 
which  crowned  the  whole  and  finished  this  stupendous  creation  of  Natun.   - 

We  have  seen  bow  the  vast  and  un&thomable  gul&  of  the  ancient  Mi  : 
were  filled  by  the  molten  lava  which  poured  firom  the  loug  cluun  of  granill  : 
and  volcanic  bills  that  formed  its  steep  and  gigantic  ooast-line  «i  the  tiatt  . 
and  perhaps  from  volcanoes  in  its  centre;  how  the  vapors  of  oombastioB 
— the  escaping  carbon — were  collected  and  stored  in  tbe  Umestonea  and 
abales  and  sealed   for  future  use;   bow  the  great  basin  was  filled  and 
le^'elled  by  later  and  finer  deposits  in  preparation  for  the  li&  and  v^etatioi 
which  was  to  follow. 

It  will  be  necessary  to  review  at  some  length  tbe  form  and  structure  €t 
the  Appalachian  basin  as  prepared  for  the  production  of  mineral  coal^ 
Bince  the  natural  process  here  resembles,  and  was,  in  fiuit,  tbe  same  as  that 
which  produced  coal  elsewhere;  and  a  plain  statement  of  tbe  drcumstnnoai 
which  come  beneath  our  knowledge  and  comprehension  in  thia  case^  wOl 
present  a  general  exposition  of  the  formation  and  origin  of  all  the  coal  (tf 
the  Carboniferous  era. 

It  will  scarcely  be  necessary  to  state  that  tbe  limita  of  the  andent  an 
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were  at  this  period  largely  contracted.  The  enormous  mass  of  material 
which  filled  up  the  eastern  edge  of  the  basin^  being  vastly  in  excess  of  that 
carried  by  the  waters  towards  the  interior^  naturally  elevated  the  eastern 
shores  and  drove  the  waters  back,  thus  forming  a  long  line  of  new  shore, 
parallel  with  the  old  granite  range^  and  of  great  width, — extending,  for 
iostanoe,  in  Southwestern  Virginia,  over  a  distance  of  150  miles,  or  from 
the  granite  hills  of  North  Carolina  to  the  eastern  escarpment  of  the  Alle- 
ghany in  Western  Virginia.  This  was  general  along  the  eastern  edge  of 
the  basin,  though  much  narrower  at  some  points  than  others;  the  anthra- 
cite fields  of  Pennsylvania  being  the  most  eastern,  and,  of  course,  nearest 
to  the  original  granite  boundary  of  the  ancient  sea.  But  even  here  the 
new  line  of  shore  could  not  have  been  less  than  50  miles  firom  the  Sharp 
Mountain  to  an  indefinite  point  south  of  the  Blue  Bidge  or  Reading  Hills. 

The  sea  was  driven  back  by  the  constantly  encroaching  land,  the  pro- 
duction of  volcanic  action.  But  in  order  to  explain  its  elevation  as  dry 
land  along  the  newly  erected  coasts,  we  must  assume  the  depression  of  the 
interior  and  the  gradual  subsidence  of  the  waters.  This,  however,  is  not 
a  mere  inference.  Prof.  Rogers  demonstrates  this  clearly  in  his  theory  of 
the  origin  of  coal ;  and  so  many  evidences  are  offered  of  the  fact,  that  we 
state  it  as  such. 

We  now  find,  instead  of  the  vast  Appalachian  ocean,  an  inland  basin 
of  comparatively  contracted  limits,  with  rivers  draining  the  new  continent, 
as  the  New  Biver  now  drains  that  portion  which  preserved  its  original 
physical  features.  The  St.  Lawrence,  the  Hudson,  the  Delaware,  the  Sus- 
quehanna, the  Potomac,  and  the  James  did  not  then  pass  their  waters 
towards  the  Atlantic,  but  flowed  in  unknown  courses  towards  the  great 
inland  sea.  The  St.  Lawrence  brought  down  the  accumulated  waters  of 
the  north,  with  their  vast  debris,  along  the  eastern  coast.  The  ancient 
Missouri  then,  as  now,  rolled  its  muddy  waters  to  the  south. 

It  will  not,  under  such  circumstances  as  these,  appear  strange  or  wonder- 
fid  that  the  great  Appalachian  Sea  no  more  exists ;  but  it  would  be  strange 
if  those  accumulating  waters,  rolling  down  over  soft  and  imperfectly 
formed  strata,  did  not  fill  up  the  shallow  sea. 

The  physical  changes  in  the  drainage  and  topography  of  the  eastern 
edge  of  the  Appalachian  strata .  are  due  to  subsequent  events.  The 
anthracite  basins  were  part  and  parcel  of  the  great  Appalachian  coal-field, 
and  formed  in  the  same  manner  and  at  the  same  time  with  the  bituminous 
coals  of  the  West*  The  intervening  space  might  not  have  been  occupied 
by  a  continuous  coal-field ;  but  we  have  existing  evidences,  in  the  many 
oatlying  patches  of  coal  and  conglomerate,  to  prove  that  the  larger  portion 
of  the  now  denuded  area  was  at  one  time  occupied  by  coal  formations ; 
and  the  fact  of  their  denudation  by  eastern  waters  is  a  positive  evidence  of 

*  The  eauses  prodaoing  anthracite  are  explained  further  on. 
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the  change  in  topography  after  the  formation  of  our  ooal-fields.  Conae- 
qnently,  the  waters  must  have  flowed  to  the  west  until  this  period. 

We  noticed  the  causes  of  this  physical  change  in  the  commencement  of 
this  chapter;  but  it  may  appear  plainer  in  this  than  in  that  connection. 
The  gradual  subsidence  of  the  earth's  crust  was  general  at  the  period  of 
which  we  Mrrite, — or  during  the  coal  era, — at  the  close  of  a  season  of  con- 
stant and  violent  volcanic  action,  and  enables  us  to  account  for  our  coal 
formations,  we  think,  in  a  plain  and  practical  manner,  which  could  not  be 
done  under  any  other  hypothesis. 

But  the  rapid  subsidence  or  greater  depression  in  the  eastern  synclinals,  or 
valleys,  requires  some  definite  explanation.  As  we  before  stated,  a  long 
line  of  granite  shore  runs  parallel  with  the  ancient  Appalachian  sea,  and 
with  the  present  range  of  Appalachian  mountains ;  and  the  probability  is 
that  not  only  one  but  several  ranges  of  the  same  kind  originally  existed 
along  the  bottom  of  the  ancient  sea,  corresponding  to  our  present  flexures 
or  mountainous  folds ;  since  the  early  dynamic  effects  of  internal  forces 
seem  to  have  been  in  long  parallel  lines, — a  fkct  attested  by  the  physical 
features  of  the  earth,  which  always  exist  in  long  lines  of  mountain  and 
valley,  except  when  changed  and  distorted  by  central  volcanic  influenoes."^ 

This  form  of  topographical  structure  being  demonstrated, — ^as,  we  think, 
all  the  facts  hitherto  given  do  fairly  demonstrate, — we  may  next  allude  to 
the  fact  that  the  eastern  portions  of  the  ancient  sea  must  have  been  vastly 
deeper  than  the  interior,  as  before  stated  and  proved.  These  facts  being 
accepted,  we  are  now  prepared  to  offer  a  plain  solution  of  the  problem  of 
inverted  strata,  and  the  deep  synclinals  of  our  eastern  basins. 

In  the  first  place,  these  deep  axis  of  formation  must  have  been  originally 
the  weakest  part  of  the  earth's  crust;  in  the  next,  they  were  in  close 

*  "As  a  general  fact,  Tolcanic  vents  are  arranged  in  extensiye  lines  or  zones,  often  reach- 
ing half  around  the  globe. 

*' Perhaps  the  most  remarkable  line  of  Tents  is  the  long  chain  of  islands,  commencing  with 
Alaska,  on  the  coast  of  Russian  America,  which  passes  over  the  Aleutian  Isles,  Eaml- 
schatka,  the  Kurilian,  Japanese,  Philippine,  and  Moluccan  Isles,  and  then,  turning,  includes 
Sumbawa,  Java,  and  Sumatra,  and  terminates  at  Barren  Island  in  the  Bay  of  Bengal. 
Another  almost  equally  extensive  line  commences  at  the  southern  extremity  of  South 
America,  and,  following  the  chain  of  the  Andes,  passes  along  the  Cordilleras  of  Mexico, 
thence  into  California,  and  thence  northward  as  far  at  least  as  Columbia  River,  which  it 
crosses  between  the  Pacific  Ocean  and  Rocky  Mountains." — Hitchcock* a  Otology. 

The  number  of  active  volcanoes  on  the  globe  is  estimated  at  407.  Of  these,  62  are  in 
North  America,  48  in  Central  America,  and  54  in  South  America. 

The  eruption  of  Eilauea,  in  Hawaii,  during  1840,  is  a  good  example  of  the  effects  of 
molten  lava  when  poured  into  the  sea,  and  also  of  the  nature  of  the  sediment  it  would 
form.  A  stream  of  molten  lava,  half  a  mile  wide  and  20  feet  thick,  poured  in  one  vast 
cataract  of  fire,  over  a  precipice  60  feet  high,  into  the  sea,  with  fearful  hissing  and  loud 
detonations.  The  atmosphere,  in  all  directions,  was  filled  with  ashes,  spray,  and  gases; 
while  the  burning  lava,  as  it  fell  into  the  water,  was  shivered  into  atoms,  and,  being  thrown 
back  into  the  air,  fell  in  showers  of  aand  on  all  the  surrounding  couillrj. 
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proximity  to  the  active  volcanoes  of  the  phitonic  regions  of  the  coast,  and 
the  spasmodic  venting  of  incessant  streams  of  lava,  which  filled  the  vast 
extent  of  the  Appalachian  Sea,  must  have  tended  to  cause  a  vacuum  in  the 
bowels  of  the  earth;  and,  as  ^^ nature  abhors  a  vacuum,^'  nothing  can  be 
more  natural  than  the  subsidence  of  those  deeper  basins,  in  the  vicinity  of 
this  constraining  cause.'*' 

The  inverted  strata  or  flexures  of  the  Alpine  formations  have  the  same 
form  and  feature,  and  were  evidently  caused  by  the  same  volcanic  action. 
But  this  cause  could  only  operate  during  the  continued  action  of  volcanic 
influences;  and  there  has  evidently  been  a  continued  subsidence  of  those 
deep  basins  since  the  formation  of  our  coal-fields,  which  needs  fiirther 
explanation. 

The  magnificent  formations  of  anthracite  in  Pennsylvania  could  not  have 
been  created  in  their  present  form.  No  deposit  could  have  taken  place  on 
tke  perpendicular  strata  whicli  accompany  it,  in  many  places,  or  on  the 
anticlinals  which  are  folded  back  on  the  edges  of  the  basins. 

The  basins  in  which  the  original  deposit  took  place  must  have  been  of 
comparatively  gentle  undulation,— deeper,  perhaps,  and  of  steeper  angles  of 
dip  than  the  great  bituminous  basins  of  the  West,  but  having  no  com- 
parison to  the  present  inclinations. 

It  has  been  stated  and  demonstrated  in  the  previous  pages  that  the 
weakest  portions  of  the  earth's  crust  are  in  the  vicinity  of  active  volcanoes; 
bat  in  the  present  instance  circumstances  existed  to  make  this  vicinity  still 
more  susceptible  to  the  influences  of  internal  violence,  and  the  irresistible 
forces  of  condensation  and  contraction  going  on  in  the  crust  of  the  earth. 

Of  all  mechanical  powers,  there  are  none  so  tremendous  and  irresistible  as 
the  two  we  have  given  in  illustration  of  the  natural  processes  which  tend 
to  change  and  modify  the  physical  geology  or  the  lithologio^l  structure  of 
the  earthy — ^that  is,  vacuum  and  contraction. 

Pio.  6. 


"lateral  contraction." 


The  above  illustration  represents  the  action  of  lateral  corUradi(m.  The 
amount  of  contraction  in  the  earth's  crust  is  collectively  very  great,  but 
the  conformation  of  the  Appalachian  strata  was  such  as  to  concentrate  its 
contraction  to  a  single  group  of  formations,  along  its  weakest  line  of  crust, 
which  passed  in  the  vicinity  of  the  anthracite  coal-basins. 

From  the  centre  of  the  Appalachian  formation  to  the  eastern  escarpment 

*  Sir  Charles  Ljell  adyooates  this  theory  of  subsidence  and  oonseqaent  flexure. 
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of  the  Alleghanyj  the  formation  is  very  thick,  and  generally  on  a  plane  ' 
slightly  varying  from  the  horizon.     The  flexibility  of  this  level  mass  of 
strata,  which  iras,  and  is,  perhaps,  from  20  to  50  miles  thick,  conld  not  han 
been  in  proportion  to  the  already  flexed  and  weakened  basins  of  the  East; 
consequently,  the  contraction  or  condensation  towards  the  centre  of  the 
earth  must  have  been  exerted  laterally  and  against  the  weak  and  already 
partially  folded  strata  of  the  eastern  basins.     It  must  be  understood,  in 
this  connection,  that  we  are  not  speaking  of  the  local  contraction  of  the   ^ 
sur&ce  strata,  because  they  had  already  reached  their  maximum  of  con-   ^ 
densation.    It  is  now  the  contraction  of  the  interior  crust,  or  the  con- 
densation of  the  liquid  mass  of  the  earth,  that  we  are  treating  of. 

We  think  this  illustration  will  sufficiently  demonstrate  the  causes  and  ^ 
processes  which  efiected  the  violent  contortions  and  steep  angles  of  oor  * 
eastern  basins.  The  action  was  gradual,  as  it  was  irresistible,  and  therefore  ^ 
produced  no  great  rents  of  fissures  in  the  strata,  but  exerted  its  crushing  7 
influence  through  a  vast  space,  and  left  the  evidences  in  innumerable  slides  ^ 
cracks,  and  cleavages  throughout  the  strata  affected.*  ^ 

We  have  now  reached  a  point  where  we  can  satisfactorily  contemplaii|^ 


the  natural  processes  by  which  our  magnificent  fields  of  coal  were  po^^  f 


¥ 

duced,  having,  to  our  own  mind,  clearly  demonstrated  the  &cts  or  tlv  r 
hypothesis  we  set  forth  to  prove.  ^ 

Nature  had  prepared  for  the  closing  glory  of  her  Appalachian  monumeoL^^ 
The  great  Appalachian  Sea  had  been  contracted  to  less  than  one-half  'r 
its  original  superficial  area,  and  its  present  shallow  depth  bore  no  compaii-'  f* 
son  to  its  former  unfathomable  abyss.  Its  shores  were  now  quiet,  low,  and  f 
clothed  in  verdure.  Long  receding  shores,  without  cliff'  or  mountanii. ; 
stretched  gently  away  towards  the  ancient  coasts,  from  which  now  cams .  T 
vast  rivers,  rolling  in  the  mud  and  drift  of  the  soil  and  imperfect  stratii  .r 
which  had  never  been  condensed  by  pressure  and  not  yet  hardened  hf  f 
exposure  and  time;  and,  thus  prepared,  we  leave  the  formation  and  origm 

of  coal  for  the  following  chapter. 

*-  -  — 

*  Sir  James  Hall,  Sir  H.  De  La  Beohe,  and  other  geologists,  adTooate  this  theory  of 
contraction  and  consequent  foliation  or  flexure  of  strata.  Lateral  contraction  wiU  be  moif 
fuUj  explained  in  Chapter  XIV. 
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CHAPTEE   IV. 

THE  FORMATION  AND  ORIGIN  OF  COAL. 

Tke  CArboniferoufl  Era — The  Acme  of  Vegetation — The  Goal  Flora — Hugh  Miller's  De* 
icription— Aqueous  or  Terrestrial  Vegetation — Formation  of  Coal — Time  required  to 
form  a  Coal-Bed — ^Arborescent  Growth — Peat-Bogs — Nature  a  Busy  Worker — The  World 
not  so  Old,  after  all — ^The  Coal  Measures — Subsidence  of  the  Land — Fluvial  Deposits-* 
Tolcanio  Eruptions — ^Terrestrial  Vegetation  in  the  Rocky  Strata — Theories  of  Coal 
Formation — Vegetable  Hy drooarbons — Coal-Basins — Carbon — Naphtha — Petroleum— 
Bltomen— Anthracite— Diamond — Coal  and  Coal-Oil — ^Anthracite  Coal  Formations. 

In  the  preoeding  chapter  w6  presented  the  Appalachian  basm  as  it 
existed  at  the  commencement  of  the  Carboniferous  era^  when  the  violent 
volcanic  action  of  that  portion  of  our  continent  had  ceased  or  become 
intermittent,  and  the  great  depths  of  the  ancient  sea  had  been  filled  with 
the  early  F^dseozoic  rocks,  leaving  but  a  shallow  sea  and  a  soft,  low  shore 
for  the  base  of  the  new  and  wonderful  formations  which  had  now  com- 
menced. But,  though  the  violence  of  eruptive  volcanoes  could  not  now 
pour  the  molten  lava  over  the  new  shores,  volcanic  action  and  internal 
heat  still  had  much  to  do  with  the  subsequent  formations. 

It  was  yet  early  in  the  creative  periods.  The  ^^  third  day,"  as  described 
by  the  Mosaic  account,  had  not  yet  closed,  and  air-breathing  animal  life 
had  yet  no  existence.  The  air  was  full  of  vapor  and  the  floating  dust  of 
distant  eruptions;  carbonic  acid  loaded  the  waters  and  surcharged  the  air; 
a  sulphurous  and  heated  atmosphere  everywhere  encircled  the  earth;  and 
the  waters  were  tepid  with  the  radiating  heat  of  cooling  lava  and  the  con- 
densing earth. 

The  temperature  that  then  existed  would  be  insupportable  to  terrestrial 
laimals,  while  the  carbonic  acid  that  impregnated  the  air  would  be  destruc- 
tive to  common  air-breathing  creatures.  The  vapors  of  carbon  still  arose 
from  a  thousand  sources, — smoking  volcanoes  and  smouldering  lava;  and 
every  crack  and  fissure  of  the  earth  still  poured  forth  its  volumes  of  the 
vapors  of  combustion,  which  here,  in  the  contact  with  water,  formed  car- 
buretted  hydrogen,  and  there,  with  the  atmosphere,  formed  carbonic  acid. 

Such  a  coincidence  of  favorable  circumstances  could  not  fail  to  produce 
a  v^etation  of  the  most  vast  and  magnificent  description,  in  comparison 
with  which  the  most  luxuriant  of  the  present  day  would  be  as  a  "drop  in 
the  bucket.^^  The  soft  and  fertile  soil,  made  rich  with  the  decaying  matter 
of  the  ancient  marine  life  and  the  resulting  bitumen  of  the  carburetted 
hydrogen  gases;  the  atmosphere,  warm  and  moist  with  heat  and  steam, 
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and  loaded  with  the  life-giving  carbon  so  necessary  to  vegetation,  all 
tended  to  invigorate  and  give  an  unlimited  growth  to  that  early  flora. 

This  was  the  a<;me  of  vegetable  life.  Hitherto  those  favorable  circum- 
stances  did  not  exist,  and  vegetation  could  only  have  flourished  to  a  limited 
extent. 

During  the  subcarboniferous  era,  which  followed  the  "oWred,*^  or  the 
vespertine,  we  have  noticed  an  uncertain  and  meagre  coalfloTay  bat  in  only 
one  instance,  in  a  limited  area,  was  a  coal  of  commercial  value  produced 
in  this  country.*  Yet  the  time  that  transpired  from  the  vespertine,  or 
|>roto-carboniferous,  to  the  true  carboniferous,  was  comparatively  limited; 
the  red  shale,  or  carboniferous  lime,  and  the  conglomerate  formatioDB^  only 
intervene. 

In  tracing  the  production  of  the  ancient  or  fossil  flora  to  a  later  date 
than  the  Carboniferous,  we  also  find  a  great  depreciation;  and  though  occa- 
sionally limited  fields  and  thick  coal-beds  were  formed,  they  are  generally 
both  limited  in  area  and  in  thickness  of  bed. 

Having  thus  carefully  traced  the  processes  of  Nature  to  this  remarkable 
and  wonderful  period  of  the  earth's  existence,  we  are  now,  in  a  measure, 
prepared  to  appreciate  and  comprehend  that  which  is  to  follow;  though  we 
shall  still  be  theorists,  notwithstanding  the  facts,  for  we  get,  after  all^  but 
dim  and  uncertain  glances  into  the  arcana  of  Nature.  But  we  have  tlie 
satisfaction  of  knowing  that  our  theories  are  plausible,  probable,  and  con- 
sistent with  existing  facts  and  evidences,  and  that  neither  miracle  nor 
unnatural  processes  are  required  to  prove  the  hypothesis. 

THE  COAL  FLORA. 

We  have  before  us  "a  low  shore  thickly  covered  with  vegetation.  High 
trees  of  wonderful  form  stand  out  far  into  the  water.  There  seems  no 
intervening  beach.  A  thick  hedge  of  reeds,  tall  as  the  masts  of  pinnaces, 
runs  along  the  deeper  bays,  like  water-flags  at  the  edge  of  a  lake.  A  river 
of  vast  volume  comes  rolling  from  the  interior,  darkening  the  water  for 
leagues  with  its  slime  and  mud,  and  bearing  with  it  to  the  open  sea,  reeds, 
and  fern,  and  cones  of  pine,  and  immense  floats  of  leaves,  and  now  and 
then  some  bulky  tree,  undermined  and  uprooted  by  the  current.  We  near 
the  coast,  and  now  enter  the  opening  of  the  stream.  A  scart^e-penetrable 
phalanx  of  reeds,  that  attain  to  the  height  and  wellnigh  the  bulk  of  forest- 
trees,  is  ranged  on  either  hand.  The  bright  and  glossy  stems  seem  rodded 
like  Gothic  columns,  the  pointed  leaves  stand  out  green  at  every  joint,  tier 


*  The  flora  to  which  we  allude  grew  on  the  New  River,  Southwestern  Virgini*,  in  the 
vicinity  of  the  great  limestone,  under  circumstances  more  favorable  than  usual  during  that 
period.  It  was  an  elevated  locality.  The  water  must  have  been  shallow,  and  the  soils 
soft  and  rich. 
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ve  Her,  cadi  tier  resembling  a  coronal  wreath  or  an  anricnt  crown,  witli 
ray*  tamed  ontward;  and  we  see  atop  what  may  be  either  lai^  spikes 


What  strange  forma  of  vegetable  life  appear  in  the  foreste  behind ! 
that  be  a  club-moss  that  raises  its  slender  height  for  more  than  fifty 
from  the  Boil?  Or  can  these  tall,  palm-like  trees  be  actual  fems,  and 
e  spreading  branches  mere  fronds?  And  then  these  gigantic  reeds  I  arc 
'not  mere  varieties  of  the  common  horse-tail  of  our  bogs  and  morasses, 
inified  some  sixty  or  a  hundred  times  ?  Have  wo  arrived  at  some  sucli 
■try  as  the  continent  visitetl  by  Gulliver,  in  which  he  found  thickets  of 
Is  and  grass  tall  as  woods  of  twenty  years'  growth,  and  lost  himself 
1  a  forest  of  corn  fifty  feet  in  height? 

The  leaser  v^etation  of  our  own  country,  its  reeds,  mosses,  and  ferns, 
1  here  as  if  viewed  through  a  microscope :  the  dwar&  have  sprung  up 
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into  gifint^,  and  yet  there  appears  to  be  no  proportional  increaae  in  size  amon^ 
what  arc  DnGqnivocally  m  tr«s.  Yonder  is  a  group  of  what  Beem  to  be  pines, 
— toll  and  bulkr,  it  i^;  true,  hut  neither  taller  nor  bulkier  than  the  pines  of 
Xonviiy  or  Anierira ;  and  the  clulj-moss  behind  &Iio6t£  up  its  green,  haiiy 
arin!>,  I'laded  with  what  seem  catkins,  above  their  J»pmoat  cones. 

"But  what  monster  of  the  vegetable  world  comes  floating  down  the 
Eircam,  now  circling  round  in  eddies,  now  dancing  on  the  ripple,  nutr 
eliooting  down  the  mjiid  ?  It  resembles  a  gigantic  ^r-fish,  or  an  immeuse 
f-oach-wbeel  divc^ed  of  its  rim,*  There  is  a  green,  dome-like  masB  in  tlie 
centre,  tliat  correspoads  to  the  nave  of  the  wheel  or  the  body  of  the  star- 
fish ;  and  the  bougha  f<Loot  out  horizontally  from  every  side,  like  the  spokea 
of  the  have,  or  rays  from  the  central  Ixjdy.  The  diameter  considembly 
txctttls  forty  feet ;  the  branehes,  orij;iiially  of  a  deep  green,  are  assuming 
the  gcjlden  tinge  of  det^ay;  the  eyjiudrii-al  and  hollow  leaves  stand  out 
thick  on  ever;-  side,  like  prickles  of  the  wild  rose  on  the  red,  fleshy,  hacs- 


like  shoata  of  a  year's  growth,  that  will  be  covered  two  seasons  hence  with 
flowers  and  fniit.  That  straiigcly-formcvl  organism  i)resents  no  existing 
type  among  all  the  numerous  fiimiliea  of  the  vegetable  kingdom. 

"Tlicre  id  an  amazing  luxuriance  of  growth  all  around  us.  Scarce  can 
tlie  current  make  its  way  through  the  thickets  of  aquatic  plants  that  rise 
thick  from  the  muddy  bottom ;  and  though  the  sunsliine  falls  bright  on 
the  upper  boughs  of  the  tnngletl  forest  beyond,  not  a  ray  penetrates  the 
more  than  twilight  glodin  that  broods  o\er  the  marshy  platform  below, 

"The  rank  steam  of  decaying  vegetation  forms  a  thick  blue  haze,  that 
partially  obscures  the  unden\-ood.  Deadly  lakes  of  carbonic  acid  gas  have 
accumulated  in  all  the  hollows.     There  ia  a  silence  all  around,  unintef- 

•  Since  ilipeoTcrci]  to  he  the  rools  or  baao  of  \he  Eie>i»ic  8iglll»ri«,  whidli  klwtjs  grew 
in  the  Erc-c!i;s  of  our  cosl-bcJi,  and  therefore  could  not  float  dawn  tli«  riTw  into  the  coil 


niptcd  erive  by  the  sudden  splnsh  ot'  some  rcptilo-fmh  that  lins  nacn  to 
tie  rarfacc  in  pnreiiit  of  ite  prpy,  or  wlieu  a  Ruddeu  breeze  stira  tiie  hot 
ur  ond  shaken  tlie  fronds  of  tho  gintit  lerns  or  ttic  catkuM  of  the  reeds, 

"  Tbc  wide  continent  before  U9  is  a  oontini'nt  devoid  of  aniniid  life,  save 
Ikt  its  pools  and  rivers  alwund  ia  fish  and  molluscn,  and  tliiit  millions 
lod  tens  of  millions  of  the  infusoria  tribes  swarm  in  tin:  bogK  iind  uinraiiey. 
Here  and  there,  too,  an  insect  of  strange  form  flutters  among  tlio  Iwivc-s. 
It  is  more  than  probable  tliat  no  creature  furnished  with  lungs  of  tlie  inoru 
perfect  construction  could  have  breathed  the  atmoephero  of  tJiis  early 
period  and  have  lived."* 

The  above  description  by  Hugh  Miller  Is  perhaps  tlie  Ixst  wo  have  of 
lie  form  and  character  of  the  ancient  coal  vegetation,  lint  the  late  attempt 
to  make  our  mineral  coal  the  product  esduaively  of  an  arborescent  flora 
tsoot  consistent  with  the  fucta  or  the  nature  of  things;  and  wc  are  forced 
to  return  to  the  marine  flora  as  part  of  the  formation,  before  we  can  recoa- 
ole  all  the  coincidents  of  our  fossil  vegetation  to  the  pnxluction  of  coal. 

All  our  known  coal-fiehis  have  a  jjaain-shnpe,  while  the  angles  of  the 
itiaCa  dip  to  a  common  centre.  If  non -con forming  coal  strata  cxt»t,  it  is 
doe  ta  local  and  aubaequcut  causes, — denudation  and  unequal  movement  of 
the  fuperiiicnmbent  strata. 

Consequently,  all  our  coal-fields  must  have  arisen  oat  of  bcmnn,  lako),  or 
Mfrt,  find,  of  course,  from  or  in  the  wat£r.  That  the  vegetation  grew 
tntirely  in  the  water,  iiowever,  is  not  evident :  the  contrary  would  seem  to 
l«  the  rule,  if  we  accepted  the  fossil  flora  of  tlic  coalslaies  and  rocks  aa 
m'denee  that  they  also  formed  mal ;  since  nearly  all  the  species  of  fossil 
flora  found  in  those  rocks  are  of  laud  origin.  But  in  close  proximity  to 
the  cool  we  find  the  remains  of  a  gigantic  v^tation,  tliat  evidently  sprung 
fiom  the  deep  mud  of  those  shallow  seas.  In  the  coal  itself  we  find  no 
pcmtive  existence  of  y^etation, — no  trace  of  leaf  or  stem.  But  the  vast 
firms  of  tlie  SiffiUaria  and  ita  enormous  base  of  roots,  the  Stiffmaria,  are 
profusely  sbnndant  in  the  fire-clays  of  all  our  coal-beds,  and  particularly 
m  the  loiwer  series.  Here  also  the  towering  Lepidodendron  and  the  gigantie 
Oalamiie  had  their  existence.  They  and  thei«  species  form  the  chief  re- 
nuins  in  the  strata  of  the  lower  veins,  and  exist  exclusively  in  the  beds  of 
firt-elatf  supporting  the  coal,  while  their  stems  and  leaves  and  branches 
tiB  found  in  abundance  through  the  slates  which  immediately  overlie  the 
coal.  We  are  therefore  to  infer  that  they  formed  the  mass  of  oar  lower 
beds  It  least,  if  we  are  to  concede  that  a  pure  vegetation  formed  otu*  exist- 
ing beds  of  coal,  which  ia  doubtful,  as  we  shall  show. 

Our  coal-beds  are  of  vast  extent,  and  we  find  some  of  the  upper  seams 
existing  over  14,000  square  miles,  without  a  single  break  or  diBOOudnua-^ 

•HughMiUer's  "Old  Bed 
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tion  of  strata,  while,  in  all  probability,  the  lower  seams  will  be  found  to 
underlie  the  entire  Alleghany  coal-field,  without  a  positive  discontinuity 
except  where  cut  off  by  the  streams  and  such  local  and  subsequent  causes. 

Therefore,  unless  we  admit  that  most  of  our  coal  vegetation  took  root 
deep  in  the  water,  we  must  assume  that  all  the  vast  area  of  over  70,000 
square  miles  was  level  and  one  vast  marsh,  which  is  in  contradiction  to  all 
fact  and  in  violence  to  every  natural  process  that  we  can  conceive;  and 
those  who  advocate  this  and  claim  an  exclusive  arborescent  or  land 
vegetation  as  producing  coal  must  summon  to  their  aid  earthquakes  and 
prodigies  of  Nature  for  every  coal-seam  existing,  in  order  to  reconcile  their 
tlieory  with  the  facts. 

We  have  no  reason  to  believe  the  sea  which  gave  growth  to  the  ancient 
flora  was  deep :  on  the  contrary,  it  was  a  shallow  sea,  and  from  the  mud 
of  its  bottom— our  present  fire-clays — sprung  up  the  long,  grape-vine-like 
/SigiUana,  and  Lepidodendra,  and  the  gigantic  Calamites. 

In  that  tepid  water  they  soon  reached  the  surface,  and  spread  out,  a  vast 
sheet  of  luxuriant  vegetation.  The  waters  were  impregnated  with  hydro- 
carbon, and  its  surface,  loaded  with  the  heavy  carbonic  acid  gas  which  gave 
such  prodigious  energy  to  the  vegetable  growth,  came  in  contact  with  its 
vapors.  We  cannot  imagine  a  more  favorable  condition  for  an  unlimited 
growth,  since  no  change  of  atmosphere,  no  rigid  winter,  came  to  check  its 
vast  increase,  and  the  superabundance  of  carbon  prevented  its  decay. 
Instead  of  1000  years  being  required  to  form  a  coal-bed  (3)  three  feet 
thick,  it  did  not  require  as  many  months, — perhai)S  not  as  many  weeks. 

This  vegetation  was  not  solid  wood,  such  as  we  now  find  in  our  forests, 
but  rank  fronds  or  sappy  vines,  full  of  carbon  or  resinous  and  oily  juices, 
containing,  in  fiict,  more  of  the  solid  matter  of  coal  than  our  most  solid 
trees  of  to-day. 

There  could  scarcely  be  a  limit  to  the  size  of  the  coal-bed  that  might 
thus  be  formed  but  its  own  weight  or  a  subsidence  of  the  basin ;  and  thus 
we  can  readily  account  for  the  benches  in  our  large  coal-beds,  none  of 
wliich  are  over  three  or  four  feet  thick.  The  immense  amount  of  vegeta- 
tion gradually  sinking  ui^er  water,  as  it  formed,  and  becoming  heavy 
with  water,  carbon,  and  bitumen,  would  eventually  sink  to  the  bottom,  but 
immediately  the  vines  shoot  up  again  to  the  surface,  and  the  process  is 
repeated,  each  time  forming  either  a  thin  slate  or  a  band  of  imperfect  coal, 
as  circumstances  might  determine.  Sometimes  even  the  surface  of  this 
mass  of  vegetation  might  be  covered  with  a  layer  of  ashes,  soot,  &c.,  from 
the  discharge  of  distant  volcanoes,'*'  and  produce  the  same  result.  It  might 
be  interesting  to  calculate  the  immense  amount  of  v^tation  it  would 
require  to  form  a  vein  of  coal  equal  to  the  Mammoth. 

*  Ashes  and  sand  have  been  carried  from  200  to  1000  mUes  from  violent  Tolcanio  erup- 
tion.   See  further  in  this  chapter. 


If  vc  take  an  average  forest  of  our  present  day  as  tho  base  of  our  cal- 
mlation?,  we  find  that  aa  acre  of  ground  containing  65  trees,  each  ave- 
nging 240  cubic  feet  of  solid  timlier  to  tlie  tree,  or  five  tons,  and  containinjf 
20  per  cent,  of  carbon,  will  produce  65  tana  of  charcoal;  or  it  would 
require  74  eucb  forests  to  produce  a  bed  of  coal  one.  foot  thick,  which  con- 
tsina  4840  tons  of  coal.  To  pursue  the  Bubjcct  further,  we  mBy  assume 
rach  a  forest  of  white  oak  to  have  been  one  hundred  years  in  coming  to 
perfection,  and  we  thus  find  that  it  would  require  7400  years  of  our  present 
foffst  growth  to  form  a  bed  of  coal  (11)  three  fcflt  thick;  or  74,00(J  years  to 
accumulate  the  maaa  of  coal  existinj;  in  our  30-foot  Mammoth  eoal-bed. 

We  may  indulge  in  some  epcculation  as  to  tho  relative  time  peijnired  to 
prtxliiee  the  same  result  during  the  ancient  flora.  Wo  find  tho  heat,  the 
raoistnre,  the  carbon,  and  the  water,  all  combining  to  produce  an  excessive 
growth ;  and  we  may  safely  assume  that  each  year  or  such  growth  would 
irtd  one  foot  to  the  thickness  of  the  vegetable  mass,  as  before  described. 
This  might  be  compressed,  in  the  slmpe  of  coal,  to  one-fiflh  iCii  bulk  or 
vcight,  and  all  that  it  would  lose  in  tho  slow  combustion,  or  process  of 
diarring,  in  the  bowels  of  the  earth,  would  be  more  than  supplied  by  tho 
in«!HioD  of  carbon  and  hydrogen  from  the  subterranean  ^-apors  still  per- 
vading tho  earth,  air,  and  water.  This  would  require  five  years  to  ]iv^ 
iafx  one  foot  of  ooal!  or  180  years  to  form  the  30-fcet  coal  of  the  Mammoth. 
We  cannot  conceive  of  any  other  natural  process  by  which  our  lai^ 
veins  of  coal  could  be  formed  direct  from  vegetable  matter. 

If  we  assume  the  vegetation  to  have  been  arborescent  and  the  peculiar 
Sssil  flora  of  the  land,  we  cannot  possibly  accumulate  a  sufScicnt  mas,s,  by 
any  theorj',  to  produce  a  three-foot  vein  of  coal.  Growing  on  the  land, 
tad,  consequently,  in  tlie  air.  the  growth  of  successive  years  could  not  have 
been  pn.-scrvcd.  aiiil  the  growtli  that  could  h;ive  stood  on  the  \\hu-c  where 
it  grew,  u>ul<l  not  littve  i'urined  oue  of  our  HuialltBt  available  umi-beds. 

If  we  assume  the  vegetation  to  have  been  of  the  peat,  or  bog,  order,  we 
must  admit  the  whole  of  the  vast  area  of  our  Appalachian  coal  formation 
to  have  been  level,  and  the  gradual  subsidence  of  the  land  would  then 
oonform,  in  part,  to  the  requirements  of  the  f&ta  snataining-  the  theory. 
Bat  even  they  who  Buatain  this  theory  of  peat-hog  formation  require  tho 
growth  of  1500  years  to  form  the  ten-foot  Pittsburg  seam. 

We  do  not  believe  that  Nature  worked  so  slow.  At  this  rate  of  pro- 
gress it  would  require  15,000  years  to  form  onr  100  feet  of  anthracite  coal, 
or  perbspe  ten  times  that  period  to  deposit  the  3000  feet  of  coal  measures. 
in  which  this  coal  is  stratified ;  while  the  total  thickness  of  the  fossiliferous 
strata,  from  the  azoic  to  the  cainozoic,  would  require  the  lapse  of  millions 
of  years.  Such  a  state  of  progress  is  unnecessaryf  nnnatural,  and  not 
eonsiBtent  with  the  &ct8. 

We  have  no  doubt  that  the  mighty  work  of  creation  was  accomplished 


70  FORMATION  AKD  ORIGIN  OP  COAL. 

ill  far  less  time  than  our  present  data  would  indicate;  we  cannot  judge  of 
the  productions  and  processes  of  the  past  by  the  present. 

Tracing  the  process  of  Nature  in  filling  the  great  Appalachian  basin 
with  strata  upon  strata,  we  have  no  reason  to  think  that  numberless  ages 
transpired  during  its  accomplishment.  The  rivers  of  molten  lava  poured 
out  by  a  hundred  volcanoes  would  accumulate  the  mass  in  a  comparatively 
short  space  of  time.  It  may  be  argued  that  such  could  not  have  been  the 
real  nature  of  the  process,  in  view  of  the  animal  life  that  then  existed. 
But  it  is  evident  that  no  clher  cause  could  effect  the  mighty  change  from 
an  unfathomable  ocean  to  a  vast  continent;  and,  therefore,  such  must  have 
been  the  cause  and  effect  to  a  greater  or  lesser  degree.  The  low  order  of 
animal  life  then  existing  was  only  found  in  strata  which  indicate  repose 
and  quiet;  they  therefore  sprung  into  existence  during  every  short  period 
of  rest,  and  vanished  with  the  return  of  violence  and  change,  as  the  many 
palseontological  breaks  in  the  ancient  strata  indicate  unequivocally. 

Whether  the  theory  of  the  water  vegetation — which  we  may  term  "super- 
aqueous,"  since  it  really  grows  above  the  water,  while  its  roots  are  below 
it — or  the  peat-bog  formation  be  accepted,  or,  in  feet,  any  other,  the  same 
subsidence  of  the  land  and  the  same  changes  of  condition  are  required  to 
account  for  the  intervening  strata  of  slate  and  rock  which  form  our  coal 
measures.  In  the  former,  however,  the  subsidence  of  the  land  is  not  a 
positive  necessity  to  account  for  the  superincumbent  strata,  since  the  vege- 
tation filling  the  water  would  be  crushed  down  by  accumulating  earthy 
matter,  and  the  sedimentary  process  and  the  formation  of  coal-beds  might 
go  on  without  the  necessity  of  a  gradual  or  an  intermittent  subsidence. 
The  question  is,  whetlicr  or  not  the  tall  vines  of  the  Sigillaria,  &c.  could 
reach  the  surface  from  the  vast  depth  of  3000  feet,  or  the  total  thickness 
of  the  coal  measures.  We  do  not  think  the  proposition  at  all  probable, 
since  the  evidences  of  a  gradual  subsidence  of  the  interior  basin,  or  per- 
haps the  entire  Appalachian  formation,  is  overwhelming  and  unequivocal.* 

*  We  may  notice  a  fact  which  will  proTe  cither  the  one  or  the  other,  viz. :  the  subsidence 
of  the  interior  of  the  basin,  or  the  formation  of  coal  in  deep  water. 

The  highest  bed  of  coal  at  the  Portage  Summit,  on  the  line  of  the  Pennsylvania  Kail- 
road,  is  2800  feet  above  tide,  while  the  tame  bedy  at  Johnstown,  17  miles  west,  is  1200  feet 
below  the  portage  level. 

The  elevation  of  the  strata  in  Northwestern  Pennsylvania,  at  the  head  of  the  Alleghany 
Kiver,  is  1500  feet  above  the  same  strata  at  Pittsburg;  while  the  coal  in  the  mountains  of 
West  Virginia,  along  the  eastern  borders  of  the  field,  is  between  1600  and  2000  feet  above 
the  same  beds  on  the  Kanawha,  at  Charleston,  and  the  coal  of  Lookout  Mountain  is  1000 
feet  above  the  Tennessee  River  at  Chattanooga,  or  above  the  same  beds  on  the  Ohio.  To 
the  west  and  northwest  the  elevation  is  much  less.  But  the  coal  on  the  Shenango,  at 
Sharon,  Ohio,  is  250  feet  above  its  level  on  the  Ohio  at  Pittsburg. 

The  anticlinal  bounding  the  groat  Alleghany  coal-field  to  the  west,  or  between  this  field 
and  the  basin  of  Indiana,  is  low  and  broad,  but  still  elevates  the  outcrop  considerable 
above  the  same  beds  towards  the  centre  of  the  basin.    This  anticlinal  runs  from  Lake  Erie 
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We  may  consider  for  a  moment  the  conditions  and  changes  which  re- 
solted  fW»n  a  subeidence  of  the  land,  or  a  depression  of  the  vegetation 
finning  a  distinct  coal-bed, — the  process  hy  which  the  snperincombent 
stnta  formed,  and  the  inangnration  of  a  new  growth  of  v^etation. 

The  sabsidenoe  of  one  portion  of  the  earth  most  either  result  firom  its 
contrMtion  or  condensation,  or  firom  volcanic  eruptions :  the  latter  cause 
we  most  presume  to  have  been  the  prevailing  one  during  this  early  period ; 
sod  the  existence  of  long  lines  of  constantly  active  or  intermittent  vol- 
ouioes  on  dther  hand,  to  the  east  and  west,  gives  ample  evidence  of  the 
fiet. 

But  whether  the  result  was  the  effect  of  one  or  the  other  of  those 
orases,  the  formation  of  the  superincumbent  strata  would  be  much  the 
■me.  In  the  one  case  it  would  be  slow  and  slaty,  or  the  sediment  would 
be  fine  and  argillaceous ;  while  in  the  other  and  later  it  would  accumulate 
npidly  and  be  coarse  and  arenaceous.  The  finrt,  resulting  firom  the  debris 
of  older  strata  brought  in  by  rivers  and  floods  in  a  comparatively  quiet 
Banner,  forms  slates,  shales,  and  limestones;  and  the  second,  resulting 
fifom  violent  commotions,  would  not  only  cause  tiie  accumulation  of  strata 
from  the  sources  of  the  first,  but  would  receive  vast  acquisitions  firom  the 
iosting  adbes,  sand,  and  dust  of  not  very  distant  volcanoes,* 

The  formation  of  the  upper  series  of  coal  measures  was  evidently  more 
glow  than  the  lower  series,  as  the  coarse  arenaceous  rocks  are  but  few  in 
mnnber,  while  the  slates  and  shales  are  profiisely  abundant.  This  type, 
however,  of  the  general  character  of  the  great  Appalachian  region  has  an 
exception  in  the  isolated  anthracite  coal  basins  of  Pennsylvania,  since  the 
coarse  strata  here  exist  to  the  top  of  the  coal  measures :  still,  even  here  we 
find  the  material  finer  in  the  late  than  the  early  formations.  The  anthra- 
cite basins  existed  in  the  vicinity  of  active  or  intermittent  volcanoes,  and 
derived  most  of  the  rocky  strata  from  these  sources. 

to  Alabama.  It  is  simply  a  broad  axis,  or  anticlinal,  running  through  the  great  basin,  on 
the  same  principle  as  the  diyiding  anticlinals  in  our  smaller  basins.  The  true  outcrops,  or 
vestern  extremity,  of  the  great  Appalachian  formation,  is  at  the  base  of  the  Black  Hills, 
or  the  eastern  foot  of  the  Rocky  Mountains. 

*  **  Probably  the  most  remarkable  eruption  of  modem  times  took  place  in  1815,  in  the 
island  of  Sumbawa,  one  of  the  Molucca  group.  It  commenced  on  the  5th  of  April,  and 
did  not  entirely  cease  until  July.  The  explosions  were  heard  in  Sumatra,  970  geographical 
miles  distant,  in  one  direction,  and  at  Temate,  in  the  opposite  direction,  720  miles  distant. 

**So  heavy  was  the  fall  of  ashes  at  the  distance  of  40  miles  that  houses  were  crushed 
ftad  destroyed  beneath  them. 

"Towards  .Celebes  they  were  carried  to  the  distance  of  217  miles,  and  towards  Java  800 
BDiIes,  80  as  to  occasion  a  darkness  greater  than  that  of  the  darkest  night.  On  the  12th  of 
April  the  floating  cinders  to  the  westward  of  Sumatra  were  two  feet  thick,  and  ships  Wj^re 
forced  through  them  with  difficulty.  Large  tracts  of  country  were  covered  by  the  lava, 
ABd  oat  of  12,000  inhabitants  on  the  island  only  26  surviTed." — Uitchcock'a  Geology, 

During  the  eruption  of  Cosiguina,  in  Guatemala  on  fhe  Pacific,  in  1835,  ashes  fell  in 
Jamaica,  800  miles  eastward,  and  upon  the  deck  of  a  vessel  1200  miles  westward  I 
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In  iliiH  connection  wc  may  notice  several  singular  facts,  which  somewhat 
imjmr  the  best  theories  of  fossil  coal  vegetation.  Of  all  the  millions  of 
i4fK;f:imenH  api^ertaining  to  a  thousand  or  more  species  of  fossil  flon 
frMjnrI  in  the  coal  measures,  but  few  have  been  found  in  tke  coaL  They  are 
^r^nr^rally  found  in  the  clays,  slates,  shales,  and  sandstones  above  or  below 
Uif;  ff  ml ;  crynscquently,  as  those  measures  were  formed  from,  the  debris  of 
\\u\  land,  tlin  flora  found  in  them  would  be  of  terrestrial  growth.  But  it 
t\itfM  not  follow  that  the  coal  must  be  of  the  same  vegetation,  since  tlie 
\\\futTy  <A  drift  (unnot  be  entertained  in  the  consideration  of  its  prodnctioD. 
'I  ii<!  only  H|»cc*ics  of  vegetation  found  in  such  close  connection  with  the  cod 
fm  U»  witrrant  an  ansumption  of  their  being  the  coal-producing  flora,  are  the 
d^Ti'p,  wut<'r-nK)t«Kl  HigillaricCy  Lepidodendra,  CcdamiteSy  &c.,  and  their 
tiiiifiiToiiH  H|NK;ioH,  growing  up  through  the  water  and  spreading  on  its  sur- 
i'iWi*,  UH  Ixiforo  d(^*ril)od. 

Jiijt  of  all  the  foMHil  remains  of  the  terrestrial  flora  we  do  not  find  one 
that  hmi  InHiii  changed  to  coal ;  and  the  same  may  be  said  of  such  marine 
vegetation  as  exi.Ht8  in  the  strata  not  in  immediate  contact  with  the  coaL 
All  the  numerous  fossil  remains  of  the  ancient  arborescent  vegetation  are 
solidilied  into  sandstones  or  limestones,  or  partake  of  the  character  of  the 
slates  and  shales  in  which  they  are  found.  A  few  of  the  larger  trunb 
ii£  the  Sigillariffi,  Calamitos,  &e.,  have  been  found  coated  with  a  thin  fihn 
rf  coal ;  but  their  bodies  are  always  silicious  or  calcareous. 

That  these  trees  originally  contained  both  carbon  and  bitumen  there  can 
l)e  no  doubt ;  and  we  are  led  to  infer  that  these  constituents  of  all  vege- 
tation must  have  been  expelled  either  by  pressure  or  heat;  and  if  expelled 
in  the  shape  of  oil  or  bitumen,  the  results  might  produce  coal;  and  thii8| 
indirectly,  the  whole  of  the  ancient  vegetation  would  be  economized  in  the 
formation  of  our  mineral  fuel;  while  the  direct  conversion  of  all  the  vege- 
tation of  the  Carboniferous  era  into  coal  was  an  impossibility. 

TnEORIES  OF  COAL  FORMATION. 

It  is  a  fixed  law  of  nature  that  matter  cannot  become  exhausted  or  de- 
I>r<?<riated  in  weight,  though  it  may  change  from  one  substance  to  another. 
( 'arlKin,  being  one  of  the  simple  substances  of  the  globe,  was  di£fused 
through  all  matter  composing  it,  existing  in  the  vapors  of  the  atmosphere 
Hiirronnding  it,  and  in  the  solid  portions  of  the  earth ;  but  during  the  early 
IxfrirxlM  of  the  earth's  existence,  when  the  internal  heat  held  the  gaseoiu 
HiilmUinvjpH  in  vapor,  tlie  earth  must  have  been  shrouded  by  carbon  and 
oxygen,  as  fixed  air  or  carbonic  acid;  and  the  manner  or  condition  in  which 
it  has  Ik^^u  condensed  and  solidified  is  admirable  and  wonderful,  evincing 
an  ci'onomy  in  the  processes  of  nature  that  we  must  consider  as  provi- 
dential and  with  a  view  to  subsequent  results. 
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It  has  been  preserved  as  lime,  coal,  bitumen,  and  oil,  as  we  have  notioed 

10  the  foregoing  pages.  But  how,  or  in  what  form  and  manner^  is  the  i^b- 
ject  of  the  present  thesis.  It  has  been  inferred  that  all  carbon  returns  to 
the  earth  iii  the  shape  of  vegetation ;  and  we  admit  that  as  a  fact  now,  when 
oar  ataiosphere  contains  only  one-thousandth  part  of  carbonic  acid ;  but 
when  the  atmosphere  was  surcharged  with  heated  vapors,  and  carbonic 
add,  being  the  heaviest,  shrouded  the  earth,  the  early  vegetation,  however 
great,  could  not  have  absorbed  it,  and  it  returned,  as  we  have  seen,  in  con- 
nection with  the  salts  of  calcium  and  magnesia,  forming  lime. 

It  is  evident,  however,  that  a  large  amount  of  carbon  was  taken  up  hy 
the  early  vegetation  of  the  coal  era,  which  we  cannot  lose  sight  of,  and 
which  must  be  accounted  for.  As  we  before  noticed,  this  vegetation  did 
not  appear  to  form  coal  in  a  direct  manner,  but  the  carbon  it  contained 
was  distilled  or  expelled,  by  pressure  and  heat,  in  the  shape  of  oil,  which 
most  have  been  a  carburetted  hydrogen ;  and  this  would  form  coal. 

Those  processes  would  form  coal  rapidly  and  in  great  bulk.  The  aque- 
OQs  vegetation  and  oils  of  vegetation  and  gas  combined,  or  either  one  of 
them,  would  produce  the  same  result  more  slowly.  But  both  of  these 
processes  must  have  been  carried  on  in  water.  In  fact,  the  evidence  is 
overwhelming  that  our  coal-fields  were  formed  in  basins  of  water, — lakes, 
»easj  or  oceans ;  and  every  practical  theory  of  the  production  of  coal  re- 
quires this  condition,  to  reconcile  the  coincidences  and  detail  which  meet 
the  eye  of  the  miner. 

The  disposition  and  formation  of  the  rocky  strata  forming  the  coal 
measures  are  the  same  in  all  cases  and  the  result  of  the  same  causes. 

This  theory  seems  to  prevail  since  the  large  development  of  our  carbon 
oils,  or  petroleum,  which  is  formed  from  subterranean  gases,  resulting  from 
the  action  of  heat  and  water*  on  the  carbon  of  the  rocks, — principally 
limestones  and  bituminous  shales.  It  exists  in  various  forms.  The 
naphtha  of  Persia  is  lighter  than  our  petroleum,  and  is  constituted  of  car- 
bon 82.20,  hydrogen  14.80;  and  our  lighter  or  lower  oils  are  of  much  the 
same  consistency.  The  hea\7'  or  lubricating  oil  is  denser  and  of  a  much 
thicker  consistency.  A  third  variety  is  still  less  fluid,  and  is  known  as 
maltha,  mineral  pitch,  sea-wax,  &c.  It  is  of  the  consistency  of  tar,  but  is 
sometimes  found  in  a  pure  state,  resembling  tallow,  paraffine,  &c.  A  fourth 
is  called  "elastic  bitumen,"  and  is  nearly  the  same  substance  chemically  as 
caoutchouc,  which  contains  carbon  90,  hydrogen  10.  A  fifth  variety  is 
known  as  compact  bitumen,  or  asphaltum.  It  contains  car})<)n,  hydrogen, 
and  oxygen  in  various  proportions,  acconling  to  locality  and  purity.  It  is 
found  extensively  diffused  over  the  earth,  and  is  apparently  the  result  of 
9olidifie<l  naphtha  or  coal-oil,  since  it  is  generally  found  when  in  large 
bodies  near  volcanic  localities,  as  in  Judea  and  Trinidad,  but  is  rarely 
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fbfuiid  among  the  older  or  primitive  rocks.  It  exists  stratified  or  in  veins 
among  all  the  rocks,  from  the  great  or  auroral  limestone  up. 

There  is  a  singular  connection  between  asphalt  and  mineral  coal  and 
aq>halt  and  lime.  In  its  purest  state  it  has  the  appearance  of  the  most 
beautiful  coal,  and  contains  the  constituents  of  coal,  but  with  a  larger  pro- 
portion of  bitumen  than  our  best  cannel.  Asphaltic  rock  contains  from 
80  to  90  per  cent,  of  carbonate  of  lime,  and  from  10  to  20  of  bitumen. 
Pure  limestone  is  devoid  of  bitumen,  as  pure  coal  is  devoid  of  the  carboor 
ate  of  lime  or  the  salts  of  calcium  and  magnesium ;  and  both  may  have 
been  formed  in  the  same  manner,  but  under  different  temperatures,  and  in 
combination  with  a  greater  or  loss  amount  of  carbon  and  earthy  substanoeSi 

The  sixth  variety  of  naphtha  is  cannel  coal,  which  is  simply  solidified 
petroleum  combined  with  vegetable  matter.  The  eighth  is  our  common 
bituminous  coal.  The  ninth  is  pure  anthracite  coal,  which  is  simply 
changed  by  heat  to  the  purest  mineral  carbon  except  the  diamond.  Per- 
haps we  may  add  the  tenth  variety  as  a  limestone ;  but  we  do  not  wish  to 
extend  these  speculations  beyond  a  brief  notice,  since  volumes  might,  and 
willy  be  written  to  prove  or  disprove  them.  Our  purpose  is  simply  to  pre- 
sent facts  in  evidence  of  what  has  been  advanced,  or  in  support  of  the 
theory  of  the  condensation  of  carbon  oil  as  the  primary  and  chief  cause  of 
the  formation  of  coal-oils,  bituminous  matter,  and  our  extensive  beds  of 
mineral  coal. 

The  vapors  of  carbon  escaping  and  mixed  with  the  oxygen  of  the  air 
form  carbonic  acid.  This,  solidified  and  deprived  of  its  oxygen  and  in 
combination  with  the  minerals  calcium  and  magnesium,  forms  lime.  Pure 
carbon  condensed  forms  the  diamond.* 

*  Diamonds  are  always  found  in  Tolcanic  districts.     Thcj  are  simplj  condensed  carboa; 
and  we  may  arrive  at  the  mode  of  their  formation  if  we  consider  the  pressure  or  forot 
exerted  by  volcanic  action.     The  height  of  Cotopaxi  is  19,000  feet  above  the  sea;  the  levd 
of  the  molten  lava  in  its  heart  below  the  sca-bnse  of  the  mountain,  we  cannot  conjecture 
It  cannot,  however,  be  less  than  the  height  of  the  mountain.     Now,  Cotopaxi  has  prcoeetd 
matter  COCO  feet  above  its  summit,  and  once  threw  a  stone  of  109  cubic  yards  in  size  to  tht 
distance  of  nine  miles.   From  this  wc  can  form  a  faint  conception  of  the  weight  of  the  colima 
which  is  lifted  by  the  forces  of  contraction  on  the  liquid  portions  of  the  earth,  and  find, 
too,  the  immense  pressure  that  is  exerted  on  both  vapor  and  liquids  at  the  base  of  tht 
Toloanic  column.     The  height  of  this  column  would  be  not  less  than  44,000  feet,  whieht 
calculating  the  specific  gravity  of  lava  at  2.8,  would  be  equal  to  about  8550  atmosphertti 
which,  we  presume,  would  condense  the  vapor  of  carbon  and  form  the  diamond,  sinet 
those  vapors  must  have  existed  or  now  exist  in  the  bowels  of  the  earth. 

A  diamond  enclosed  in  a  wrought-iron  shell  and  subjected  to  a  high  heat  will  dissoWe  fat 
carbon  and  change  the  wrought  to  cast  iron.  The  same  result  wiU  follow  if  anthracite  eoal 
ia  substituted  for  diamond ;  but  the  coal  will  leave  a  small  amount  of  ashes,  which  tJw 
diamond  will  not.  If  pure  oxygen  be  enclosed  in  a  glass  jar,  the  diamond  can  be  reduced 
to  carbonio  acid  by  placing  it  among  this  oxygen  and  igniting  it  with  a  lens  or  burning 
glass.  On  being  ignited  in  oxygen  it  will  bum  with  a  bright  and  lambent  flame  untU  it  It 
entirely  consumed.  Anthracite  or  charcoal  will  burn  in  the  same  manner  and  produce  the 
Bame  results,  but  leave  a  residue  of  earthy  matter. 
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The  gases  or  vapors  of  carbon  arising  through  the  pores  of  the  heated 
earth,  or  direct  from  the  bases  of  volcanoes  in  water,  form  carbonated 
hydrogen  gas.  Hydro-carbon  oils  and  asphaltum,  in  connection  with 
vegetation  or  the  oils  of  vegetation,  form  bituminous  coal,  and  anthracite 
under  higher  degrees  of  temperature. 

The  gases  which  arise  from  the  action  of  internal  heat  on  the  carbonated 
rocks  also  produce  carbonated  hydrogen  gas  and  coal-oils  through  the  same 
process,  but  such  oils  are  more  highly  charged  with  bitumen  than  the  oils 
resulting  direct  from  the  vapors  of  combustion. 

Thus  in  the  economy  of  Xature  there  is  no  great  complexity  of  operation. 
The  carbon  of  combustion  or  the  products  of  the  heated  earth  are  arrested 
by  both  air  and  water,  and  condensed  to  both  liquids  and  solids,  and^  in 
connection  with  the  carbons  taken  up  by  vegetation,  form  mineral  coal. 
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Hydro-carbons,  petroleum,  or  naphtha,  are  the  condensed  results  of  car- 
bonated hydrogen  gas, — either  the  direct  results  of  volcanic  heat,  or  pro- 
duced by  the  action  of  internal  heat  on  the  carbonated  rocks. 

They  were  never  surface  formations,  because  their  lightness  would 
prevent  precipitation;  consequently,  if  formed  on  the  surface,  they  would 
still  exist  on  the  surface,  cither  as  oil  or  solids,  and  could  not,  therefore, 
form  our  present  subterranean  deposits  of  jxitroleum. 

As  before  stated,  oils  escaping  to  the  surface  or  formed  on  the  surface 
and  exposed  to  water  or  air  soon  form  solids,  bitumen,  coal,  etc.  AA^e  must, 
therefore,  conclude  that  the  gases  forming  our  present  supply  of  petroleum, 
or  naphtha,  are  subsequent  productions,  formed  since  the  deposit  of  the 
strata  in  which  they  exist,  and  produced  by  the  action  of  internal  heat,  or 
the  heat  caused  by  pressure,  on  the  carbon  of  the  rocks.  Those  gases, 
confined  and  condensed,  form  a  combination  with  the  hydrogen  of  water, 
and  the  result  is  a  hydro-carl)on,  or  coal-oil. 

The  constant  production  of  those  gases  in  the  deep  recesses  of  the  earth, 
from  whence  there  is  no  adequate  means  of  escape,  keeps  them  in  a  high 
state  of  tension, — like  steam  in  a  boiler;  and  they  therefore  avail 
themselves  of  every  crack  or  crevice  which  offers  a  means  of  exit.  On 
arriving  near  the  surface,  the  heavier  portion  of  those  gases  again  forms 
oil  if  arrested  by  water,  with  which,  however,  it  does  not  mix,  but  floats 
on  it. 

At  the  base  of  Mount  Vesuvius  the  vapors  of  carbon,  escaping  through 
the  sea,  form  naphtha,  which  is  seen  floating  on  the  water  in  great  quan- 
tities. 

The  low^  stratum  in  which  oil  is  found  under  our  Western  coal-fields 
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lies  very  near  the  great  or  Auroral  limestone,  and  is,  therefore,  a  mnch 
older  and  a  much  deeper  formation  than  coal. 

In  the  East,  the  Auroral  limestone  is  25,000  feet  below  the  coal,  and  per- 
haps 10,000  feet  below  the  rocks  in  which  oil  is  known  to  exist.  But  so 
rapidly  docs  the  strata  thin  towards  the  west,  the  probability  is  that  3000  to 
10,000  feet  would  be  the  maximum  thickness  in  the  Western  coal-fields, 
from  the  conglomerate  to  the  Auroral  or  Matinal  limestone ;  while  the 
interval  contains  the  great  Carboniferous  limestone,  and  a  world  of  thin 
limestone  and  bituminous  strata,  from  the  "old  red"  to  the  "Medina 
Sandstone."* 

The  lime-rocks  must,  under  heat,  give  off  carbonated  gas ;  and  there  is 
every  reason  to  believe  the  production  of  carbonated  Jiydrogen  gas,  and 
consequently  hydro-carbon,  or  coal-oil,  must  have  been  greater  before  the 
formation  of  coal  than  since,  because  the  heat  which  appears  to  produce 
these  gases  was  greater  before  than  after  the  formation  of  the  coal  measures. 
If  so,  and  we  cannot  doubt  it,  the  flow  of  gas  and  oil  into  the  great  sea  or 
basin  now  holding  our  coal  must  have  been  immense,  and  the  formation 
of  coal  in  connection  with  the  magnificent  vegetation  of  that  period  was 
the  result.  Such,  we  think,  was  an  absolute  condition  or  result  of  the 
natural  processes  of  that  era.  Since  the  flow  of  oil  into  the  waters,  after 
the  escape  of  its  more  volatile  parts,  would  result  in  sedimentary  bitumen, 
and  moderate  heat  would  only  facilitate  the  process,  as  now  exemplified  in 
cur  petroleum  refineries,  and  in  which  we  find  the  solids  are  by  no  means 
an  impure,  earthy  residuum,  but  the  richest  portions  of  the  constituents  of 
oil,  we  may  therefore  trace  our  coal-beds  to  the  gas  direct,  without  the 
mediation  of  vegetable  carbon.  But  the  fact  that  vegetation  existed  at  the 
time  in  such  great  profiision,  and  in  close  connection  with  our  coal-beds, 
and  that  the  vegetable  oils  expelled  by  pressure  and  heat  must  have  been 
in  contact  with  the  rock  oils,  indicates  their  combination  in  the  production 
of  coal.  Nor  can  we  overlook  the  fact  that  the  air  contained  more  carbon, 
in  all  probability,  than  even  the  luxuriant  vegetation  of  that  era  could 
absorb;  consequently,  carbonic  acid  would  be  formed;  but  whether  it 
would  unite  with  the  hydro-carbons  to  form  coal,  or  with  the  metallic 
bases  to  form  lime,  is  a  scientific  question  that  we  cannot  determine.  It 
is  kno^vn,  however,  that  carbonic  acid,  solidified,  forms  a  snoio-whUe 
substance,  which  has  none  of  the  properties  of  coal,  but  intimately  con- 
nects it  with  limcf 

In  the  beginning  of  this  chapter  we  presented  the  theory  of  coal  vege- 
tation, not  precisely  as  at  present  in  vogue  among  geologists,  but  such  as 
will  conform  to  a  natural  process,  and  which  can  be  explained  or  elucidated 
without  the  aid  of  earthquakes,  convulsions  of  nature,  or  prodigious  phe- 
nomena. 

*  See  Fig.  117,— the  Great  Basin.  f  Dr.  Ure. 
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If  we  have  expressed  ourselves  clearly,  it  will  be  found  that  no  conflict 
Gists  in  the  two  theories  of  coal  formation  here  presented,  viz. :  that  of 
vfgdation  and  that  of  the  condensation  of  naphtha,  but,  on  the  contrary,  the 
one  is  an  auxiliary  to  the  other,  and  clears  up  some  of  the  most  doubtful 
mTsteries  in  the  practical  solution  of  the  question.  It  enabl&s  us  to 
shorten  our  Carboniferous  period  some  million  of  years,  and  give  Nature 
the  credit  of  a  rapid  worker  and  a  wonderful  chemist,  instead  of  being  sloth* 
fill,  mutable,  complex,  and  timenseimng. 


ANTHRACITE  COAL  FORMATIONS. 

Of  the  fact  that  our  anthracite  coal-fields  are  part  of  the  great  Appa- 
lachian coal  formation  there  is  no  question ;  and  that  they  were  formed  at 
the  same  time,  and  under  nearly  the  same  circumstances,  is  not  doubted ; 
bat  the  cause  which  led  to  the  subsequent  change  from  bituminous  to 
anthracite  is  a  matter  of  some  argument. 

According  to  the  topographical  features  of  the  present  Alleghany  coal- 
field and  the  dip  of  its  strata,  the  anthracite  fields  are  not  conformable,  and 
we  have  reason  to  believe  that  this  non-conformity  existed,  though  to  a  less 
extent,  prior  to  the  formation  of  coal.  Had  the  same  angle  of  dip  pre- 
vailed which  gives  to  the  Alleghany  field  its  basin  shape,  the  elevation  of 
the  anthracite  fields  would  have  been  considerably  above  the  present  eleva- 
tion of  the  Alleghany  Mountains.  We  have  no  doubt  these  fields  were 
higher  than  they  are  now,  but  their  immense  deposits  could  only  have  been 
formed  in  corresponding  basins,  independent  of  the  great  or  main  basin ; 
they  never  grew  into  their  present  magnitude  on  its  mere  edges. 

The  anthracite  coal  was,  therefore,  formed  in  deep,  isolated  lakes,  whether 
in  two  or  three  can  scarcely  be  determined,  but  all  the  area  covered  at  pre- 
sent with  conglomerate  must  have  been  under  water  at  the  commencement 
of  the  Carboniferous  era,  and  probably  much  more  that  has  since  been 
denuded:  therefore  the  presumption  is  they  were  originally  of  much 
greater  extent  than  at  present. 

The  folding  of  the  strata  in  the  vicinity  of  the  anthracite  coals — resulting, 
as  before  stated,  fix)m  subsidence  as  a  first  cause,  and  lateral  contraction  as 
the  last  and  second — naturally  formed  lakes  or  basins  in  this  locality,  as 
the  same  abrupt  strata  exist  in  the  vicinity  of  the  same  line  of  volcanic 
vents,  fix)m  one  end  of  the  coast  range  to  the  other. 

Close  proximity  to  the  region  of  intense  volcanic  heat  not  only  tended 
to  keep  the  waters  warm,  but  increased  the  vegetation  and  imparted  to  the 
elements  great  volumes  of  the  vapors  of  carbon  and  its  resulting  gases,  in 
comiection  with  the  hydrogen  of  ^vater  and  the  oxygen  of  the  air. 
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We  have  noticed  all  our  Palseozoic  formations  in  the  great  Appalachian 
basins  are  decreasing  firom  east  to  west,  and  that  all  our  stratified  rocks  an 
much  thicker  on  the  Atlantic  edge  of  the  basin  than  in  the  interior.  Thit 
law  or  condition  also  afpplies  to  the  anthracite  coal,  which  is  nearly  two- 
thirds  thicker  than  the  bitaminous  cools  of  the  interior,  or  &rther  west 
The  cause  undoubtedly  had  its  existence  in  the  same  source  which  produced 
the  superior  thickness  of  the  strata,  viz.  volcanic  action,  increasing  both 
the  heat  and  the  volume  of  carbon. 

"We  may  apply  the  same  theory  of  coal  formation  here  which  has  been 
applied  to  the  bituminous  beds  farther  west,  and  find  the  conditions  and 
coincidents  to  be  still  more  favorable. 

The  deep-rooted  Sigillaria,  the  towering  Lepidodendron,  and  the  gigantic 
Calamitc,  with  their  numerous  species,  have  filled  the  deep  lake  to  its  brinij 
and  a  magnificent  luxuriance  of  foliage  spreads  over  its  surfiice ;  carbonic 
acid  shrouds  the  dark  green  in  still  deeper  hues,  and  imparts  to  the  growdi 
a  vigor  unknown  to  later  ages.  Bitumen  and  carbon  oils  float  through 
the  mass,  preserving  it  from  decay  and  adding  vast  acquisitions  to  its  bulk] 
until  the  face  of  the  lake  presents  no  appearance  of  water,  but  one  vast  sea 
of  fronds  and  low  leafy  vegetation. 

A  shower  of  volcanic  dust  and  ashes  miglit  crush  the  tender  growth, 
and  form  a  streak  of  slate  or  bone,  and  yet  not  sink  the  floating  mass  of 
vegetation.  But  ultimately  its  own  weight  would  sink  it  to  the  bottom, 
and  a  new  growth  would  arise,  with  but  a  slight  interval,  until  even  fl 
"  mammoth"  of  60  feet  thickness  accumulated  in  its  depths,  with  all  the 
regularity  of  bench,  and  bone,  and  slate,  or  even  parting  sandstone. 

Eventually  these  changes  take  place,  as  the  result  of  subsidence  or  vol- 
canic action,  which  stop  the  gro^viJi  of  the  aqueous  vegetation,  and  oovei 
the  mass  hitherto  formed  with  immense  deposits  of  arenaceous  and  argilla- 
ceous sediment,  drift,  or  volcanic  eruptions. 

The  commotion  causing  those  changes  at  length  dies  away,  and  quid 
once  more  reigns.  The  finer  particles  of  matter,  held  in  solution  by  th< 
waters,  are  thus  precipitated,  and  form  fire-day,  as  the  soil  for  anothei 
growth  of  Sigillaria;  and  thus  the  process  goes  on,  and  the  coal-beds  an 
formed. 

Much  has  been  said  about  the  trunks  of  trees  standing  erect  in  coal-bedi 
or  in  the  coal  measures,  and  many  theories  proposed  to  account  for  theij 
existence.  It  seems  natural  that  the  towering  vines  and  gigantic  calamites 
should  stand  on  massive  and  comparatively  solid  bases;  and  it  would  nol 
be  strange  if  those  trunks  should  stand  erect  even  when  the  foliage  whict 
they  supported  should  be  laid  at  their  feet.  Frequently,  however,  thosi 
massive  forms  are  bent  over  and  laid  partially  on  their  sides,  with  thi 
stumps  erect,  and  the  top  crushed  between   the  strata.     But  the  woodj 
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put  of  diese  tronks  lying  outaidLe  of  the  coal-beds  are  always  Bilickms 
«  CBkareouB,  and  do  not  form  coal.  Nor  do  the  trunks  of  arborescent 
tan,  or  the  terrestrial  vegetation,  found  in  the  snrrounding  strata,  form 
cod,  though  drifted  in  profusion  into  the  coal  measures  from  the  higher 
pmnds  surroonding  the  coal-basins. 

There  are  local  phenomena  in  the  anthracite  coal-fields  which  would 
nqnire  volumes  to  describe,  and  much  more  to  explain.  One  of  those  is 
tte  vaiying  thickness  of  the  larger  veins  in  the  numerous  small  basins  and 
iasome  portions  of  the  lai^  basins. 

For  instuioe,  the  lower  veins  in  the  shallow  basins  of  New  Bostoui 
Black  Creek,  &c»,  are  larger  than  the  same  veins  in  the  deeper  basins  of 
Wyoming  and  Schuylkill,  which  would  seem  to  imply  that  they  were 
fimied  under  different  circumstances, — in  less  depth  of  water,  or  more 
Boiform  action  of  the  conditions  and  causes  operating  in  this  production. 
But  these  details  will  be  considered  more  minutely  in  the  description  of 
tkose  basins  respectively,  further  on. 

The  causes  which  lead  to  the  production  of  anthracite  within  the  recog- 
Mad  bounds  of  a  great  bituminous  coal-field,  cannot  fail  to  be  an  interest- 
9f  subject,  though  our  conclusions  may  be  dogmatic. 

Compared  with  the  immense  extent  of  the  field  in  which  the  anthracites 
cut,  their  area  19  insignificant,  but  their  comparative  value,  under  present 
dreomstances,  is  in  inverse  proportion.  As  a  pure  coal,  containing  a 
Mzimum  percentage  of  carbon,  the  Pennsylvania  anthracites  are  superior 
teany  mineral  fuel  in  existence.  A  pure  specimen  contains  95  per  cent, 
of  carl)on,  and  an  average  of  the  white-ash  varieties  will  yield  90  iKjr  cent. 
It  L*,  consequently,  more  dense  and  compact  tlian  any  other  kind  of  coal. 
A  cubic  yard  will  weigh  about  2700  pounds. 

One  theorv  states  that  anthracite  coal  is  a  fresh-water  formation,  but 
Joes  not  specify  the  effects  of  fresh  water  in  increasing  the  amount  of 
eirbon. 

There  is  reason  to  credit  the  theory  of  fresh-water  lakes,  because  there 
ia  evidence  that  our  anthracite  fields  were  detached  formations,  lower  than 
the  main  Western  basin,  and,  therefore,  likely  to  contain  fresh  water;  but 
the  fact  that  the  western  ends  of  these  lakes,  or  l^asins,  contain  senu-l)itumi- 
noa%  and  the  eastern  ends  the  purest  of  anthracites,  seems  to  invalidate  tho 
ibeory  in  its  application  to  the  coal  formation. 

A  second  one  is,  that  the  bitumen  has  been  driven  from  the  coal  by  heat, 
the  escape  of  the  volatile  matter  being  aided  by  the  steep  undulations  of 
tke  strata  and  the  frequent  outcropping  of  the  uptilted  veins.  This,  of 
eoorse,  would  be  a  sufficient  reason,  and  would  account  fully  for  a  dry, 
flemi-bituminous  coal.  But  it  does  not  seem  to  meet  all  the  conditions  of 
1  pure,  hard  anthracite.  Tlie  fracture  of  all  coals  of  a  bituminous  character 
is  cubical,  while  the  pure  anthracite  is  conchoidal. 
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A  coal  once  formed  or  created  as  bituminous  will  not  lose  its  peculiar 
character^  and  no  heat  that  can  be  applied  will  change  its  fracture  without 
consuming  it.  We  find  a  *^  natural  coke^'  in  the  Richmond  coal-field,  and 
in  other  bituminous  coal-fields,  in  the  vicinity  of  trap  dikeSy  where  the 
bitumen  has  been  expelled,  leaving  what  should  be  anthracite  according 
to  the  theory;  but  this  coal  has  a  cubical  fracture  and  a  dull^  coke-looking 
appearance. 

We  have  no  doubt  heat  was  the  cause  of  dispelling  the  bitumen  from  onr  ^ 
anthracite  coals,  but  it  was  while  the  carbon  was  in  a  fluid  state  and  before 
the  coal  was  formed.  The  anthracite  was  formed  in  the  earth  as  it  now 
exists,  and  has  not  been  materially  altered  by  heat  since  its  formation, 
though  it  has  evidently  changed  its  position,  becoming  more  abrupt  in  its 
angles  of  dip  by  the  continued  subsidence  or  lateral  contraction  of  the 
region. 

We  think  the  &ct  above  set  forth  conclusive,  and  needs  no  demonstration, 
because  the  heat  must  have  been  greater  at,  or  before,  the  time  coal  was 
formed,  than  since;  and  we  need  scarcely  state  that  the  volatile  or  bitumi- 
nous matter  would  escape  more  readily  when  in  a  fluid  than  in  a  solid 
state;  when  unconfined  rather  than  when  sealed  in  the  rocky  strata  of  the 
earth. 

We  find  the  change  from  anthracite  to  bituminous  gradual,  and  locally 
the  point  of  change  is  imperceptible,  while  the  gradation  is  general  from 
east  to  west.  In  the  vicinity  of  the  volcanic  regions,  at  the  east,  we 
have  the  pure  anthracite;  while  at  the  western  end  of  the  same  basin  we 
find  semi-bituminous,  or  soft  anthracite.  At  Broad  Top  and  in  the  Sulli- 
van county  detached  basins — lying  between  the  anthracite  and  the  bitumi- 
nous fields — the  coal  is  in  a  transition  state,  containing  from  80  to  85  per 
cent,  of  carlx)n,  and,  consequently,  a  very  small  amount  of  bitumen.  At 
Blossburg,  Ralston,  and  Cumberland  we  find  a  "steam  coal"  with  an 
increasing  amount  of  bitumen,  or  from  75  to  85  per  cent,  of  carbon. 
Farther  west,  the  amount  of  bitumen  increases  rapidly,  ranging  from  15 
to  50  per  cent.  In  the  Kanawha  region,  in  Kentucky  and  some  portions 
of  Ohio,  the  bitumen  preponderates,  while  the  carbon  exists  in  minimum 
quantities.  As  a  coal,  the  cannel  contains  the  least,  while  the  anthracite 
contains  the  largest  amount  of  carbon. 

The  carbon  forming  anthracite  came  direct  from  its  volcanic  source,  and 
was  not  affected  by  carbonic  a4:id  or  liniej  or  by  hydrogen  to  any  great 
extent,  as  the  coals  of  the  West  are.  The  gases  or  oils  forming  the 
bituminous  coals  must  have  been  produced  by  internal  heat,  as  in  the 
case  of  anthracite;  but  these  gases  and  oils  arose  through  or  from  the 
great  limestones  and  bituminous  shales,  and  were,  consequently,  changed 
thereby. 
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We  might  extend  this  ohapter  to  an  indefinite  length  in  explanation  of 
those  great  chemical  proceaeeB  of  Natore^'and  in  giving  many  other 
tlieorieB  of  oar  coal  formations;  but,  while  aiming  to  be  practical|  we  are 
in  danger  of  giving  more  specalation  and  theory  than  &ct 

In  jostice^  however,  to  Prof.  H.  D.  Rogers,  whose  eminent  position  and 
laborioas  researches  among  onr  coal-fields  entitle  his  opinions  to  respect  and 
I    leguAf  we  give  his  theory  of  their  formations,  which  will  be  found  in  the 
Appendix.    It  covers  the  groond  of  the  terrestrial  v^etation,  peat-bog, 
enl  drift  theories,  or  combines  them  alL 


PART  n. 

CHAPTER   V. 

GENERAL  DISTBIBUTION  OP  OOAIi. 

Area  of  American  Coal-Fields  in  the  United  States — Appalachian  Coal-Basins — ^Britii 
North  American  Proyinces — British  Coal-Fielda — European  Coal-Fields — Comparati'^ 
Table  of  the  Coal-Producing  Countries — Conditions  necessary  to  the  Existence  of  Cot 
— Formations  of  the  Rocky  Mountains — South  American  Coals — Coal-Fields  of  the  OI 
World — The  Ottoman  Empire— Asia — Australia — Her  Coal-Fields  beneath  the  Conglome 
rate — Coal-Seams — ^Analysis. 

In  the  present  chapter  we  propose  giving  a  brief  acooont  of  the  known 
or  developed  coal-fields  of  the  world,  reserving  a  detailed  or  general 
description  of  the  more  interesting  and  prominent  coal  r^ons  for  their 
appropriate  place  in  the  following  chapters.  In  this  we  shall  merely 
glance  again  at  the  extent  of  our  coal-fields  in  comparison  with  those  of 
other  countries.  We  shall  pass  rapidly  over  the  celebrated  mining  districts 
of  Great  Britain  for  the  present,  and  dwell  longer,  perhaps,  in  the  unex- 
plored wilds  of  Australia  and  the  coal-fields  of  China  than  in  the  valley 
of  Wyoming  or  on  the  famous  banks  of  the  Tyne  and  the  Tees.  To  the 
latter,  however,  we  shall  return  again;  but  a  brief  notice  of  the  formtf 
will  be  all  we  intend  to  give. 

We  may  here  notice  a  circumstance  which  may  be  perplexing  to  the 
general  reader,  and  particularly  to  those  who  are  fiimiliar  with  the  existing 
popular  works  on  coal  formations.  No  two  works  or  authors  agree  on  the 
general  area  of  our  prominent  coal-fields  or  the  coal  area  of  our  great  coal- 
producing  countries. 

Taylor  makes  the  coal  area  of  Great  Britain  11,859  square  miles.  Prof. 
Hitchcock  gives  it  as  12,000.  A  popular  little  English  work,  "Our  Coal 
and  our  Coal-Pits,"  gives  the  area  on  one  page  as  11,859,  and  on  another 
at  7995  square  miles;  while  Prof.  Rogers  states  the  area  of  the  British 
coal-fields  to  be  only  5400  square  miles.  We  note'  this  discrepancy  to 
prepare  the  reader  for  such  changes  of  figures  and  area  as  may  appear  in 
this  wo]4c,  since  constant  developments  are  being  made  which  increase  oi 
decrease  the  estimates  as  careful  surveys  may  determine. 

In  this  country  we  find  that  new  developments  are  constantly  adding  U 
our  prospective  coal  area,  while  in  England  the  contrary  seems  to  be  tb< 
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lesolt.    In  1845  oar  coal  area  was  stated  to  be  133,000  square  miles.    It 
boow  known  to  be  over  200,000  square  miles. 

AREAS  OF  AMERICAN  COAIrFIELDp. 

8q.  Dilea. 

MasBacbnsetts  and  Bbode  Island,  Anthracite,  100  to  600 300 

PenoBjlYania,  Antbraeite 470 

PeansylYania,  Bituninons 12,656 

Maiylaod,                "          650 

WertVir^nia,        «         16,000 

Eart  Virginia,         «         225 

North  Carolina,       «          45 

Tennessee,               "          SJOO 

Gcoigia,                  "         170 

Ahbuna,                 " 4,300 

Kentucky,               "          13,700 

Oliio,                      «         7,100 

Indiana,                  «          6,700 

IDiDois,                   «         , 30,000 

Michigan,               «         13,000^ 

Iowa,                      «         .^ 24,000 

Hnonri,                "         ; 21,000 

Ndfiska,               «         4,000 

Kinsu,                  «         12,000 

Arkansas,                *<          12,000 

Indian  Territory,     « 10,000 

Texas,                     '<          3,000 

Oregon,                   «          500 

"        Anthracite 100 

Washington  Territory,  estimated  Bituminous 750 

West  of  Rocky  Mountains,  "              «           _5^000 

206^2G6 
'  To  which  may  be  added,  as  recent  formations : — 

Tertiary  Coals,  Lignites,  &c.,  mostly  around  the  Rocky  Mountains . .  200,000 

AREAS  OF  THE  GREAT  COAL-FIELDS  WITHIN   THE  ANCIENT  APPALACHIAN 

BASIN. 

Sq.  miles.      Length.  Max.  bdth. 

Alleghany,  or  Eastern  Basin 66,000  875  180 

Great  Middle  Basin 50,000  370  200 

Northwestern  Basin  and  Michigan 76,000  650  200 

Western,  or  Rocky  Mountain  Basin 20,000(?)  400  60 

Texas,  or  Southern  Basin «...    3,000 

203,000 

To  this  may  be  added  the  area  of  the  British  Provinces,  as  properly 
belonging  to  the  same  great  formation. 
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COAL  FORMATIONS  OP  THE  BRITISH  NORTH  AMERICAN  P&OVINCES. 

The  total  area  of  the  Arcadian  coal  formation  \a  not  less  than  90 
square  miles;  but  only  a  small  ix)rtion  of  it  contains  workable  coal,- 
perhaps  not  more  than  2200  square  miles. 

BRITISH  NORTH  AMERICAN  PROVINCES. 

Sq.  miles. 

Newfoundland,  estimated  from  100  to  1000 250 

Cape  Breton,  Sidney  Coal 200 

Pictou 350 

Cumberland 250 

Prince  Edward's  Island 150 

New  Brunswick 1,000 

2,200 

AREA  OF  THE  BRITISH  COAL-FIELDS. 

Sq.  miles. 

Great  Northern  Coal-field,  Northumberland  and  Durham 750 

•     Great  Central  Coal-field,  Yorkshire 900 

Cumberland,  West 100 

Lancashire,  Cheshire 500 

North  Wales 160 

Shropshire 100 

Staffordshire 250 

Warwickshire 105 

Forest  of  Dean 30 

Somerset  and  Gloucester 50 

Derbyshire 250 

South  Wales 1250 

Scotland 1500 

Ireland  (estimated  as  2227  square  miles  of  formation) 250 

6195 

If  we  deduct  from  the  above  1000  square  miles  for  faults,  trap  dike 
and  ^' worked-out''  territory,  we  may  estimate  the  remainder,  or  about  50( 
square  miles,  as  the  present  available  resources  of  the  British  coal  mines. 

The  average  thickness  of  the  six  principal  English  coal-fields  is  about ' 
feet  Of  this  amount  we  may  safely  estimate  two-thirds,  or  50  feet,  w: 
be  available,  since  the  time  will  come  when  the  seams  which  are  now  co 
sidered  too  small  to  "get"  will  be  found  workable.  We  know  that  sear 
of  the  more  valuable  coal,  12  inches  thick,  have  been  worked  sucoeasfull 
as  we  shall  describe  ftirther  on. 

We  may  calculate  the  amount  of  available  English  coals  on  this  esi 
mate;  and  not  be  wide  of  the  mark.    Each  foot  vertical  will  yield  15( 
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tons  of  coal  to  the  acre;  or  60  feet  total  thickness  will  yield  75,000  tons 
pff  acre.  Thus,  5000  square  miles,  at  640  acres  to  the  mile,  will  produce 
240,000,000,000  tons ;  but  how  much  should  be  deducted  for  denudation 
ind  small  extent  of  upper  seams  we  cannot  determine.  We  refer  to  the 
tible  on  the  next  page. 

ASEA  OF  THE  EUEOPEAN  COAL-FIEL0S. 

Coal  Fonnation.  8q.  dIIm  work- 

•oleooal  ATMu 

Great  Britain 12,000 6195 

Fnnce 4000 1000 

Belgium 520 510 

Saarbrook  Coal-field f  960 

Westphalia ?  880 

Bohemia ?  400 

Saxony f  30 

Spain 4000 200 

Russia 1  ^00 

9775 

In  the  following  table  will  be  found  a  comparative  estimate  of  the  coal 
RBOoroes  of  the  principal  coal-producing  countries.  We  have  assumed 
thtt  one-third  of  the  total  thickness  of  the  coal-seams  is  available,  and 
that  each  foot  of  coal  in  vertical  thickness  will  produce  1500  tons  of  coal 
per  acre,  leaving  1613  tons  as  waste,  which  will  cover  the  waste  of  the 
English  miners,  but  will  not  cover  the  general  waste. 

THE  CONDITIONS  NECESSARY  TO  THE  EXISTENCE  OF  COAL. 

We  will  briefly  notice  here  the  undeveloped  coal  regions  reported,  and 
give  such  information  regarding  them  as  we  may  find  available.  Outside 
of  the  countries  enumerated  above,  but  little  is  known  of  the  coal  forma- 
tions of  the  world,  though  it  is  probable  that  vast  coal  regions  exist  in 
Brazil,  China,  Hindostan,  Africa,  and  Australia.  We  may  state,  however, 
positively,  that  no  portion  of  the  globe  is  so  rich  in  coal  as  North  America, 
or,  more  definitely,  the  United  States.  In  no  other  instance  do  we  find  the 
Palsozoic  strata  so  perfect  and  extensive,  or  which  bear  any  comparison  to 
the  great  Palseozoic  coal  formations  of  the  ancient  Appalachian  basins. 

The  great  Carboniferous  era  was  a  fixed  period  of  time  in  the  early 
geological  history  of  the  earth.  It  was  the  acme  of  vegetation,  which 
owed  its  superior  growth  and  magnificence  to  the  favorable  conditions  that 
then  existed ;  to  the  constant,  unchanging  tropical  temperature,  the  genial 
moL^turc,  and  the  superabundance  of  carbonic  acid  which  then  gave  life 
and  vigor  to  the  ancient  flora. 

But,  as  we  have  pointed  out  in  the  foregoing  chapter,  it  was  not  only 
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oecessaiy  that  the  atmospheric  conditions  should  be  thus  fiivorable,  but  the 
physical  condition  was  of  equal  importance.  Water  in  shallow  seas  or 
lakes,  a  soft  and  yielding  soil,  and  a  general  basin-shape  were  all  prime 
necessities;  and  such  are  the  conditions  required  to  produce  ooal^  according 
to  the  former  vegetation  theory. 

But  if.  we  have  clearly  expressed  the  nature  and  requirements  of  coal 
formations  in  the  preceding  chapters,  it  will  appear  evident  that  the  above 
conditions  are  not  of  themselves  sufficient  to  produce  the  mineral  coal  of 
our  trae  Carboniferous  era ;  and  consequently  the  coals  of  that  era  are  con- 
fined to  certain  lithological  strata,  generally  represented  by  the  great  Carbo- 
niferous limestone  and  the  millstone  grit,  on  which  the  true  coals  are 
invariably  found,  except  in  cases  of  denudation  or  subsidence.  The  ex- 
ceptions to  this  general  law  of  nature  are  but  few ;  in  &ct,  no  great  and 
exteasive  beds  of  true  coal  are  found  in  any  other  connection.  The  Carbo- 
niferous era  closed  the  Paheozoic  day,  and  crowned  the  Palseozoic  column. 

The  simple  reason  is,  certain  combinations  are  required — ^heat^  moisture, 
carbonic  acid — ^to  produce  vegetation;  a  lithological  structure  necessary 
to  retain  water  in  basins ;  internal  heat  operating  on  limestones,  or  carbo- 
nated rocks,  to  produce,  in  connection  with  water,  the  hydro-carbons  or 
bitamen  of  our  coal  formations. 

When  coal  is  found  under  other  circumstances,  it  is  always  imperfect. 
Unreliable,  and  limited,  deriving  its  carbon  oils  or  bitumen  direct  from 
volcanic  sources,  or,  to  a  limited  extent,  from  the  same  causes  operating  to 
form  the  true  coal,  as  the  Permian  coal  immediately  above  the  Carboniferous 
has  been  formed. 

We  have  thus  stated  briefly  the  reasons  why  coal  may  not  be  found  in 
all  cfjuntries,  since  the  Carboniferous  era  existed  through  a  comparative 
lengthy  jK?riod  of  time,  and  seems  to  have  flourished  cotemporaneously  in 
all  i)arts  of  the  earth ;  and  we  might  expect  to  find  the  conditions,  as  set 
forth  in  the  two  first  propositions,  viz.:  vegetation  and  basins  of  water 
in  many  portions  of  the  world  where  coal  does  not  exist.  We  therefore 
<snnot  expect  to  find  extensive  fields  of  coal,  or  any  true  coal  of  the  Car- 
lioniferous  i)criod,  where  all  the  before-mentioned  conditions  do  not  exist. 

We  do  not  exj)ect  to  find  great  deposits  of  the  true  coal  west  of  the 
R'Hky  Mountains,  in  Mexico,  Central  America,  or  the  mountainous  regions 
of  the  Southern  Continent,  or  even  north  of  the  great  lakes.  But  coal 
may,  and  doe^,  exist  in  all  the  regions  named,  as  it  exists  in  the  same  cha^ 
ruf'ter  of  rocks,  and,  perhaps,  under  the  same  conditions  of  formation  in 
Huall  basins  of  imperfect  form  along  the  granitic  slopes  of  the  Atlantic, 
in  Massachusetts,  Khode  Island,  Virginia,  and  North  Carolina;  or  still 
iiiure  recent  and  more  imperfect  deposits  of  Tertiary  coal  and  lignites  may 
exi.<t  in  extensive  fields,  as  those  which  occupy  so  large  an  area  around  the 
Rucky  Mountains. 
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COAL  FORMATIONS  OF  THE  ROCKT  MOUNTAINa 

We  include  under  this  head  an  extensive  and  rather  indefinite  r^OB, 
extending  fix)m  British  America  to  Mexico. 

This  portion  of  our  continent  is  a  terra  irusognUa,  in  a  comparative  sense, 
to  the  geologist;  but  the  Palseozoic  formations  are  known  to  exist  around 
those  towering  peaks  of  granite  to  an  indefinite  extent^  either  concealed  hy 
the  cretaceous  and  recent  deposits,  or  in  the  obscurity  of  savage  wildis. 
Many  of  our  intrepid  explorers  of  the  West,  however,  have  reported  coal 
along  the  base  of  the  Rocky  Mountains,  and  numerous  localities  are  pointed 
out,  from  the  Black  Hills  in  the  North,  across  the  Platte  and  Arkansas 
Rivers,  to  the  Rio  Grande,  where  true  coal  has  been  found. 

Mr.  Elisha  Beadle,  a  miner  of  much  experience  from  Pottsville,  Penn- 
sylvania, mentions  the  existence  of  true  coal  in  the  Black  Hills,  near  Fort 
Laramie,  in  a  letter  published  in  1853. 

He  says  "the  coal  exists  in  regularly  stratified  sandstones,  while  the 
appearance  of  the  formation  is  much  the  same  as  that  in  Schuylkill  countj 
and  in  the  bituminous  fields  of  the  West'' 

From  a  careful  comparison  of  the  various  descriptions  we  have  received 
of  the  coal  formations  lying  along  the  eastern  base  of  the  Rocky  Mountains, 
we  are  constrained  to  conclude  them  to  be  bituminous  coals,  but  of  an 
indefinite  era.  Whether  they  are  a  continuation  of  the  great  Appalachian 
formations  or  not,  it  is  impossible  at  present  to  determine. 

There  appears  to  be  an  immense  formation  of  brown  coal,  Tertiary  coal, 
or  lignite,  lying  between  the  known  and  developed  portions  of  the  true 
Carboniferous  coal  and  the  coal  of  the  Rocky  Mountains.  Its  range  is 
immense,  stretching  from  the  Rio  Grande  to  the  head-waters  of  the  Mis- 
souri, possibly  extending  to  the  limits  of  the  Palseozoic  formations  in 
British  America  to  the  north,  and  extending  along  the  eastern  slopes  of 
the  Rocky  Mountains,  the  Mexican  Cordilleras,  and  the  Andes  of  the 
South.  It  is,  therefore,  possible  and  probable  that  our  true  coal  formation 
of  the  East  continues  its  depreciation,  as  we  have  frequently  noticed,  until 
it  terminates  in  mere  lignites,  and  the  true  coal  formations  of  the  West 
may  be  independent  basins  of  recent  formation.  The  fact  of  these  im- 
mense deposits  of  Tertiary  coal  or  lignites  existing  in  the  western  portions 
of  the  great  basin,  would  indicate  the  absence  of  the  necessary  conditions 
required  for  the  formation  of  true  coal;  and  the  thinning  or  depreciation 
of  the  Palaeozoic^ strata  in  that  direction  would  justify  such  a  conclusion, 
though  ample  evidence  is  offered  of  the  existence  of  a  shallow  sea. 

There  is,  however,  a  second  theory  which  applies  to  the  Western  forma* 
tions,  but  based  on  mere  speculation  in  the  absence  of  geological  know- 
ledge. This  theory  assumes  that  the  true  or  carboniferous  strata  may 
underlie  the  Western  fields  of  brown  coal  and  lignites  and  the  cretaceoos 
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itmia  of  the  prairies  of  the  far  West,  as  the  tme  cools  of  Ulinois  nnderlie 
(fe  Pennian  strata.  This  is  doubtful,  to  say  the  least,  thoo^  we  intimated 
k  a  fimner  chapter  the  possibility  of  the  formation  of  the  palnosoio  strata 
ka  western  as  well  as  an  eastern  direction. 

The  true  coal  of  the  great  basin  extends  through  Texas  in  a  southern 
direction,  and  run  to  a  point  or  comparatively  narrow  deposit  in  Mexico. 
fi  JB  found  in  Coahuila,  New  Leon,  San  Luis  Potosi,  and  as  fiur  south  as 
Ven  Cruz  and  Oaxaca.  It  has  been  mined  at  Beyeilla,  on  the  left  bank 
of  the  Salada  River,  about  125  miles  above  Oamargo,  by  an  American 

company.    The  coal  is  hard,  bituminous,  and  stratified  with  sandstones. 

It  has  also  been  proved  in  Oaxaca  and  on  the  proposed  route  of  the 

Tehuantepec  Eailroad. 
It  would  appear  firom  the  foregoing  &cts  that  the  ancient  Appalachian 

Sea  was  not  confined  to  the  present  North  American  Continent,  but  that 

its  southwestern  borders  were  along  the  eastern  slopes  of  the  mountains  of 

Ifexico  and  Yucatan. 
We  may,  therefore,  assume  that  the  ancient  sea  was  isolated, — that  it 

bad  no  connection  originally  with  the  Atlantic,  but  has  been  subsequently 

connected  by  the  subsidence  of  the  ancient  coast-ranges  to  the  south. 

This  interesting  scientific  question  cannot  be  determined  without  more 
geological  knowledge  than  we  nqw^fOg^eBS  of  the  western  and  southern 
Bmite  of  the  great  bean.  ;^;^^e/r^-^"*^- -_ 

SOUTH  AMERICAN  COAL^    ^^Li^^\a.€^ 

Coal  exists  at  various  localities  along  the  Pacific  coast,  from  Russian 
America  to  Patagonia,  and  is  now  mined  to  a  limited  extent  in  Vancouver's 
bland,  Washington  Territory,  Oregon,  California,  at  Panama,  in  New 
Granada,  and  at  the  towns  of  Lota,  Lotilla,  and  Coroncl,  in  Chili.  But 
all  these  coals  are  of  later  date  than  the  true  Carboniferous,  and  appear  to 
be  the  production  of  periods  from  the  Jurassic  to  the  Tertiary.  They  are 
of  all  grades  of  the  bituminous  class,  from  the  mineral  pitch,  or  asphaltum, 
to  the  natural  coke.  The  veins  or  seams  are  generally  thin  and  unreliable, 
and  subject  to  the  imperfections  natural  to  all  coals  of  recent  formations. 
Bat,  under  present  circumstances,  these  deposits  of  coal  are  invaluable  to 
the  commerce  of  the  Pacific. 

The  coal-mines  of  Panama  are  worked  by  several  English  and  American 
companies  almost  exclusively  for  the  use  of  the  ocean-steamers  of  the 
IVicific.  The  coal  is  of  a  soft,  bituminous  character,  and  is  much  inferior 
to  the  English  and  our  Cumberland  steam  coals. 

Though  coal  exists  at  intervals  along  the  entire  Pacific  coast,  it  is  only 
worked  at  two  prominent  points  south  of  California,  vi^c  Panama  and  at 
(be  Chilian  mines  in  the  northern  portion  of  Araucania.     The  mines  in 
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Chfli  are  located  at  the  towns  or  bays  of  Lota,  Lotilla,  and  Coronel,  which 
lie  aboat  200  miles  north  of  Yaldivia.  The  coal  area  is  oomparatiyelj 
extensive^  bat  the  seams  are  generally  thin  and  fireqnentlj  terminate 
abruptly.  Their  dip  is  irregalar  or  ondolating,  and  mining  operations  are 
oondacted  by  both  shaft  and  drift.  A  considerable  coal  trade  is  done  here, 
and  sailing-vessels  are  constantly  being  laden  for  varions  ports  on  the 
Pacific^  and  passing  steamers  generally  supply  th^nselves  here.  The  coal 
is  soft^  and  bums  rapidly  with  great  flame  and  smoke^  but  leaves  only  a 
moderate  residuum  and  makes  no  clinker.  Tius  ooal  coelB  aboat  six 
dollars  per  ton  on  board ;  while  anthracite  is  now  (1866)  worth  twenty- 
dollars  per  ton  in  this  part  of  the  wor}d. 

The  mines  of  Lota  are  the  most  extensive,  and  produce  about  10,000 
tons  per  month  under  the  management  of  experienced  Knglish  miners. 
This  is  exclusive  of  the  production  of  the  Lotilla  and  Coronel  mines,  of 
which  we  have  no  data. 

Of  the  coal  of  Brazil  and  the  Atlantic  slopes  of  South  America  but 
little  is  known,  though  it  is  said  to  exist  in  numerous  localities,  and  the 
configuration  of  the  interior  basins  would  lead  us  to  expect  the  existence 
of  coal^  if  the  geological  conditions  are  fevorable. 

We  may  anticipate  many  valuable  results  from  the  present  acientifio 
expedition  of  Prof.  Agassiz  and  his  party  to  South  America.  They  visited 
the  rich  and  magnificent  region  of  the  Amazon,  equal,  perhaps,  to  the 
great  valley  of  the  Mississippi,  but  which  has  hitherto  been  as  a  sealed 
book  to  science  and  the  world. 


EUROPE. 

In  an  accompanying  table,  on  page  86,  we  gave  the  coal  area  of  the 
principal  coal-producing  countries  of  Europe,  and  shall  not,  in  this  chapter, 
attem{N>  a  description  of  their  old  and  celebrated  mines;  but  we  propose  to 
devote  the  following  cliapters  to  that  purpose.  We  may  here  notice,  how- 
ever, the  exceedingly  limited  area  of  the  European  coal-fields  in  comparison 
with  those  of  the  United  States.  The  whole  of  Europe,  comprising  a 
total  area  of  3,758,000  square  miles,  has  less  than  10,000  square  miles  of 
coal-producing  area;  while  the  United  States,  with  3,000,000  square  miles 
of  territory,  has  over  200,000  square  miles  of  productive  coal  area.  Yet, 
limited  as  the  coal  area  of  Europe  is,  the  islands  of  Great  Britain,  with  a 
total  territory  of  121,000  square  miles,  contain  more  than  half  the  coals  of 
Europe.  The  proportion  of  coal  in  Europe  is  about  one  square  mile  of 
coal  to  every  375  of  territory;  while  the  proportion  of  England  is  ^ 
or  one  square  mile  of  coal  to  every  20  square  miles  of  territory.  The 
l)roportion  of  the  United  States  is  ^,  or  one  of  coal  to  every  15  ,of 
territory. 


Ttty.  OTTOUAlf  KMPTBR. 


THE   OTTOMAN   EMPIRE. 


{BOoal  of  Tarkcy  is  principally  in  Asia  Minor,  but  partly  in  Europe, 
■  aloDg  the  shores  of  Marmora  and  the  Black  Spa,  and  is  distributed 
If  t  range  of  180  miles  along  these  seas  and  the  Archipelago, 


I  It  appears  to  have  a  wide  distribution  in  this  part  of  the  Tnrkisli 
fcmpire.  The  localitie3  where  it  is  found  are  at  Amaiitra  and  Erekli,  on 
tiie  Black  Sea,  Vivan,  on  the  Sea  of  Marmora,  Scala  Nova,  ou  tlie  Archi- 
]ieUgo,  about  forty  miles  fi'om  Smyrna,  and  Rodoato,  in  Ronmelia, 

The  constituents  of  this  uoal,  us  analyjicd  by  Prof.  Hitchcock  and  others, 
sre: — 

BlDOk  Sea.     MnnDor*.     Rnumelia. 

Gaseotts  matter 31.80         52.00         48.00 

Kxed  carbon 62.40         40.50         47.00 

Aahes 5.80  T.50  fi.OO 

The  coal  of  the  Black  Sea  appears  to  belong  to  the  true  coal  formation 
of  the  Carboniferous  em.  It  rests  on  the  millstone  grit,  which  is  supitorled 
W  the  limestone.  The  coal  of  Ronmelia  and  Marmora,  however,  has 
been  pronounced  inferior,  and  cither  belong  to  a  later  formation  or  exist 
on  the  oatskirts  of  the  true  coals.  The  re^on  is  much  disturbed  and 
imgolar;  the  dip — varying  from  20*  to  perpendicular — is  aometimes  even 
iDToted  and  crashed, — the  effects  of  crust-movementa  subsequent  to  the 
oul  Gmnation. 

The  cool  of  Erekli  and  vicinity,  on  the  Black  Sea,  is  mined  to  a  con- 
wAentAe  extent  under  ^English  management.  Some  five  or  mx  seams  of 
rati  have  been  developed,  ranging  from  five  to  twelve  feet  thick;  but 
ethen  are  known  to  exist,  and  one  twenty  feet  thick  has  beeo  discovered. 
Thtae  mines — the  Cosloo  mines,  near  Erekli — produced  in  ISM  about 
W^OOO  tons  per  annum,  principally  for  the  use  of  the  combined  English 
ud  French  fleets  then  operating  in  the  Black  Sea.    Preparations  were 
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being  made  to  produce  100,000  tons  per  annum.  The  cost  was  estimated 
at  about  six  dollars  per  ton  on  board. 

There  is  a  singular  circumstance  existing  in  connection  with  the  ooab 
of  Alijasah, — about  eight  miles  from  Erekli, — ^where  several  seams,  from 
four  to  five  feet  thick,  exist.  The  rocks  in  the  vicinity  of  these  seams  an 
disrupted  or  broken,  and  large  fissures  are  filled  with  asphaltum,  or  bito- 
minous  coal,  apparently  of  a  later  date  than  the  coals  with  which  it  is 
found,  the  result,  undoubtedly,  of  the  subterranean  carbon  oils  becoming 
solidified  in  those  cracks. 

Specimens  of  twenty  varieties  of  Turkish  coal  were  received  at  the 
Great  English  Exhibition.  Some  of  these  came  from  other  localities  than 
those  named,  and  among  others  we  may  mention  Moldavia,  Monastir, 
Mount  Lebanon,  and  Tripoli. 

A8U. 

There  are  but  few  other  localities  of  which  we  have  available  data, 
where  coal  has  been  developed. 

We  only  know  that  exteasive  fields  of  the  true  Carboniferous  formations, 
both  bituminous  and  anthracite,  exist  in  the  vast  Chinese  Empire,  which 
contains  5,000,000  square  miles  of  territory. 

Mining  is  conducted  in  a  primitive  manner,  as  it  was  originally  in  Eng- 
land, or  as  late  as  1840-1850  in  some  portions  of  that  island,  but  in  a 
more  Christian  and  civilized  manner.  In  England,  Scotland,  and  Wales, 
women  and  ffirls  were  employed  to  transport  the  coals  to  the  surface;  but  in 
China  only  men  and  boys  are  employed  in  this  operation,  which,  however 
slow  and  behind  the  age,  13  rather  in  advance  of  that  civilized  people,  who, 
about  the  same  time,  forced  opium  upon  the  Celestials  at  the  point  of  the 
bayonet. 

The  English  nation,  however,  has  nobly  atoned  for  some  of  its  past 
errors,  and  has  sent  civilization,  liberty,  and  light  to  the  uttermost  corners 
of  the  earth :  if  sometimes  at  the  cannon's  mouth  or  the  point  of  the 
bayonet,  it  is  none  the  less  to  be  valued  and  appreciated.  The  exclusive 
and  semi-barbarous  Celestials,  with  their  genealogy  almost  direct  from 
Noah,  and  their  population  of  400,000,000,  are  less  powerful  than  the 
English  in  physical  force  or  material  resources,  and  utterly  in  the  dark  in 
regard  to  science  and  the  arts.  We  may  attribute  this  wonderful  ascend* 
ency  and  increase  of  wealth  and  material  power,  first,  to  the  enlightening 
and  civilizing  influence  of  religion,  and  secondly,  to  the  consequent  intel- 
ligence which  has  developed  her  resources  of  coal  and  iron. 

Coal  is  known  to  exist  in  Hindostan,  on  the  Granges,  and  is  mined  to 
some  extent  by  the  British  in  India;  but  too  little  has  been  developed  to 
enable  us  to  make  our  data  interesting  or  valuable.  We  merely  glance  at 
those  distant  localities  to  give  a  general  view  of  the  distribution  of  coal; 
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■ltd  we  maj  here  simplj  mentioa  the  &ct  of  the  existcDce  of  coal  in  Afiica 

bong  reported  b^  Liviagstone  and  other  ezplorera  of  the  interior  of  that 

nst  and  undeveloped  continent. 

Bat  the  geol<^  of  that  country,  Fia.  10. 

■8  fiu-  as  we  are  yet  informed,  is 

not  &?orahIe  to  the  existence  of 

coal.    It  is  found  at  the  mouth 

of  the  Zambezi,  and  at  numerous 

points  on  the  extensive  Airican 

eoasts ;  but  we  believe  it  is  no- 

i^ere  mined  to  any  extent. 


THE  COALS  OP  AQSTBALIA. 

The  coal  formations  of  Aus- 
tnlia  are  as  peculiar  as  mo3t  of 
ito  productions.    It  will  be  no- 
tioed    that    the    coal-seams  are 
beneath  the  conglomerate,  instead 
of  above  it,  and  that  the  heavy 
nndstones-  corresponding   with 
the  "old  red"  are  the  superior 
bstead   of   the   inferior  strata. 
Hie  fbssiliferous  sandstone,  upon 
irfaiefa  the  coal  formations  rest,     fi 
appears  to  be  of  the  Devonian 
STstem ;  but  there  b  still  a  great    a 
diversity  of  opinion  in  regard  to 
the  age  of  the  Australian  cool. 
Several  eminent  geologists  place   ^0 
It  among  the  subcarboniferous 
rocks,  or  &lse  measures,  beneath 
oar  true  coal  formation.    Others    5 
place  it  in  the  Permian  forma- 
tion, or  above  the  true  coal  raea-     o 
sures;  while  many  practical  men 
are  -inclined  to  place  it  among 
the  productions  of  the  Carbonif- 
erous era.    fiut  it  is  evident,      ^ 
from  the  thin  and  rather  uncer- 


tain character  of  the  scams,  and  their  position  below  the  conglomerates  and 
heavy  sandstones,  that  the  coal  of  the  New  South  Wales  formation  belongs 
to  the  lower  coal  series  of  the  English,  or  our  proto-carboniferoua  era. 
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The  Carboniferous  limestone  has  been  discovered  some  distance  in  the 
interior,  but  its  position  in  relation  to  the  coal  had  not  been  determined. 
There  is  some  probability  that  it  is  synonymous  with  the  conglomerate, 
which  exists  above  the  coal,  since  this  rock  is  made  up  of  firagments,  and 
is  much  the  same  as  our  conglomerate  where  it  commences  its  metamor- 
phism  into  lime. 

Immediately  over  the  "Sidney  Sandstone"— which  is  from  1000  to  1400 
feet  thick — ^an  immense  deposit  of  slates  and  shales,  intercalated  with  thin 
coal-bands,  is  found  in  all  the  basins  or  depressions  of  the  great  sandstone. 
This  may  be  the  true  coal  formation;  but  Nature,  having  exhausted  her 
stores  of  carbon  at  an  earlier  period,  produces  but  barren  measures  now. 

The  existence  of  coal  in  the  upper  measures  is  doubtful  though  the 
developments  are  but  limited.  What  may  yet  be  found  in  the  interior  of 
this  vast  continent — island  we  can  scarcely  call  an  area  of  3,120,000  square 
miles — it  is  impossible  to  say. 

But  the  fact  that  this  coal  formation — always  beneath  the  Sidney  sand- 
stone*— is  found  extensively  over  a  great  portion  of  Australia^  leads  us  to 
conclude  it  to  be  the  chief  coal  formation  of  that  country.  If  the  ooal 
existed  above  the  sandstone  in  any  valuable  quantity,  it  would  have  been 
discovered  at  some  of  the  many  localities  where  the  lower  formation  is 
developed. 

The  coal  area  of  New  South  Wales,  or  that  portion  of  it  near  Sidney, 
on  the  Hunter  River,  and  Woolongong,  on  the  Nepean  River,  is  computed 
at  15,000  to  16,000  square  miles.  But  this  coal,  accompanied  by  the  great 
Sidney  sandstone,  is  also  found  at  Victoria,  in  Western  Australia,  Kergue- 
len's  Land,  New  Zealand,  and  Van  Diemen's  Land,  or  Tasmania.  It  has 
been  found  at  many  points  over  this  wide  range  of  territory j — in  fact,  so 
general  and  extensive  that  the  coal  area  of  Australia  may  yet  vie  with  the 
wide  fields  of  the  United  States.  Of  its  great  extent  there  can  be  no 
doubt;  but  of  its  comparative  commercial  value  there  is  less  certainty. 

It  will  be  noticed  by  the  analysis  and  measures  given  further  on,  that 
this  coal  is  by  no  means  valueless  or  unavailable.  The  seams  are  much 
mixed  vnth  slate  and  dividing  bands,  but  the  coal  is  generally  good  and 
serviceable,  and  of  immense  value  to  the  steam  navigation  and  commerce 
of  that  remote  quarter  of  the  globe. 

A  vast  mountain-chain  bounds  the  eastern  coast  of  Australia,  some  20 
to  30  miles  inland,  but  is  prominent  from  Tasmania  to  North  Australia,  in 
a  general  north-and-south  direction.     It  is  knowTi  as  the  Blue  Mountains. 


*  Dana  states  this  rock  to  be  soft  and  fi'iable,  and  composed  of  fine  grains  of  quartz. 
feldspar,  and  mica,  the  quartz  predominating;  colors -of  the  layers,  white,  grayish,  and 
yellow,  like  ordinary  sand.  Iron  ores  in  the  form  of  sand  and  thin  layers  are  common  to 
this  rock,  and  when  exposed  to  the  atmosphere  soon  stain  or  redden  the  surface. 
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Its  crest  or  axis  is  of  granite,  and  is  flanked  by  gneiss,  or  metamorphic 
rocks,  pierced  by  syenite,  greenstone,  basalt,  trap,  &c. 

At  some  low  points  tjie  suf)erincumbent  Sidney  sandstone  overlaps 
both  ihe  gneiss  and  granite  rocks,  apparently  in  the  ancient  basins,  and 
now  forms  vast  plateaus  or  basins  of  coal  formation ;  bat  generally  the 
ooal  lies  on  the  sea-&ce  or  Pacific  slopes  of  the  mountain-range.  To  the 
west  of  this  range,  behind  Sidney,  are  the  &mous  gold-regions  of  Aus- 
tnJia ;  and  there  we  would  not  expect  to  find  coal.  We  presume,  there- 
fore, the  coals  of  the  east  are  chiefly  confined  to  this  slope.  In  Western 
and  Middle  Australia  both  the  physical  and  lithological  conformations 
may  be  difP^'ent. 

In  the  vicinity  of  Sidney  the  strike  is  northeast  and  southwest,  and  the 
cool  generally  exists  in  long  trough-like  synclinals,  bounded  by  sharp 
parallel  anticlinals ;  but  the  dip  is  by  no  means  uniform :  it  ranges  from 
ooe  to  thirty  d^rees,  and  leans  to  every  point  in  the  compass. 

Between  Newcastle  and  Woolongong  (on  the  Hunter  and  Nepean 
Siversy  south  of  Sidney)  the  basin  is  nearly  150  miles  wide,  in  a  right 
angle  or  transverse  direction  to  the  strike.  Its  eittreme  depth  is  calculated 
It  dOOO  feet,  and  its  average  dip  one  degree ;  but  the  undulations  are  such 
that  abrupt  dips  are  frequently  met  with,  and  numerous  trap  dikes,  or 
veins  of  porphyries,  greenstone,  and  basalt,  burst  through  the  formation. 
Those  frequent  volcanic  interruptions  are  "troubles"  to  the  miners,  and 
greatly  impair  the  value  and  productiveness  of  the  coal-field.  In  the 
vidnity  of  those  dikes  the  coal  is  considerably  altered,  and  is  frequently 
changed  to  a  coke. 

COAL-SEAMS. 

We  give  below  several  sections  of  coal-scams  as  worked  in  the  vicinity 
of  Newcastle.  There  seem  to  be  no  identifying  features,  as  the  coal  and 
Wds  are  subject  to  frequent  changes. 

COALS  OF   AUSTRALIA. 

Section  of  Coal- Seam  No.  1. 

Feet.        Inches. 

Top  coal,  bright 0  6 

Band,  clay 0  OJ 

Black  slate 0  4 

Cannel  coal,  coarse 2  6 

3  ~4~i 

Bottom  or  Yard  Seam  No.  5. 

Fe€t.        Inches. 

Top  coal,  good 0  4 

Band,  black  metal 0  4 


k 
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Feet 
Goal,  good 1 

Band,  black  metal 0 

Goal,  good. A 1 

CodlrSeam  No.  2. 

Feet 

Good  coal 2 

Coal  and  slate 0 

Grood,  bright  coal 0 

Metal  band 0 

Good,  bright  coal 0 

1 

Dirtj/  Seam  No.  J^ 

Feet 

Top  coal,  not  worked 1 

Good  coal 0 

Band,  gray  metal 0 

€k}od  coal 0 

Fire-clay 0 

Good  coal 0 

Band,  black  clay 0 

Good  coal 1 

1 

CodlrSeam  No.  3. 

Feet 

Coal,  good 2 

Slate  and  coal 2 

Good  coal 1 

Blue  slate  and  coal ^ 

Good  coal ^ 

"9 


Coal' Seam  No.  4- 

Feet 

Roof,  mixed  metal 1 

•Coarse  coal 0 

Band 0 

Coarse,  splinty  coal 2 

.Band 0 

4 


Not  worked 


Good  coal 8 

Clay  band * 0 

Good  coal , 1 

8 


Incbei. 

1 
1 

8J 
1} 

Inehei. 
6 

3 
2} 

7 

7_ 

U 

Inchoi. 

6 

6 

2 
10 

6 

4 

8 
£ 

6 

Inches. 

2 
0 
3 
0 
10 

3 

iDohes. 

7 
6 
5 
2i 

H 

7 
2 

U 


COALS  OP  AU8TIUHA.  VI 

Burtcood  Stajn  JVo.  3. 

FraU        Inobai; 

Tq>  coal,  not  worked S  0 

rii»«laj,  not  worked 2  2 

"5        T 

Good  colli 2  H 

Fire^laj  baod 0  2} 

flood  coftl 0  4i 

B«nd.., 0  21 

Good  coal... 2  4 

lu         T 
Dip,  4°  woBt. 

ANALYSIS  OF   COALS. 

Coke.  6u.  A>b.  Snlphnr. 

Seam  No.  1 69.10  30.90  5.04            7.13 

Seam  No.  2 I14.S8  36.22  G.5i             7.60 

S«mNo.3 67.fi0  32.40  4.10            7.03 

SeaniNo.4 71.90  28.10  4.00             7.20 

BeiinNo.5 75.50  24.50  6.00             7.21 

Aa  there  U  uonie  tioubt  as  to  the  correctness  of  the  above  nnalysia,  in  pe- 
gird  to  the  quantity  of  sulphur,  we  give  the  analyaia  in  a  different  form,  aa 
EDide  in  England.  Carbon  82.39,  hydrogen  5.32,  nitrogen  1,23,  sulphur 
l.TO.  oxygen  8.32,  ash  2.04. 

The  amount  of  coal  mined  in  the  vicinity  of  Newcastle  during  1857  is 
reptirled  at  250,000  tons. 

There  are  many  interesting  facts  connected  with  the  geology  of  Aus- 
lfi!ia,with  which  we  might  extend  this  chapter;  but,  having  devoted  con- 
siderable space  to  its  coal  formations,  we  mn.'^t  be  content  with  a  few  closing 
remarks,  and  dismiss  for  the  present,  or  perhaps  altogether,  those  distant 
mi  misty  panoramic  scenes  which  we  have  been  so  rapidly  reviewing. 


A   COMTARISOS. 

At  the  first  glance,  we  are  disposed  to  consider  the  coals  of  Australia  but 
win  and  poor  in  comparison  with  the  coal  formations  of  the  true,  or  Car- 
boniferous, era;  but,  on  closer  inspection,  we  find  them  by  no  means  con- 
temptible or  insignificant  when  placed  aide  by  side  with  the  true  bituminous 
wals  of  England  or  our  "Western  coal-fielda.  Our  large  anthracito  veins 
Iff  an  exception,  and  are  sujjerior  to  all  others. 

There  are  more  seams  in  the  true  coal  measures,  but  their  average  thick- 
nes  is  not  greater  than  the  Australian,  and  we  may  perhaps  l>e  safe  in 
Slating  the  thickness  of  intervening  or  intcrralated  states  and  bands  to  be 
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bat  little  in  exoeas  in  proportion  to  the  amoant  of  ooaL  We  refer  the 
reader  to  the  description  of  the  English  coal-fields  in  the  following 
chapters. 

The  value  of  the  Australian  coals  does  not,  however,  depend  entirely  on 
their  thickness  or  the  economy  with  which  they  can  be  mined.  It  is  the 
locality  and  remoteness  from  all  sources  of  supply  which  increases  their 
value,  since  they  are  comparatively  pure  and  serviceable.  If  they  cost  one 
or  two  shillings  per  ton  more  at  the  pit's  mouth  than  the  English  coals, 
that  additional  cost  is  trifling  when  compared  with  the  tran^Kurtation  of 
fuel  from  Newcastle-upon-Tyne,  a  distance  of  18,000  miles. 

It  would  be  as  much  as  an  ordinary  steamship  could  do  to  carry  her 
coals  without  other  freight  for  a  trip  from  London  to  Australia  and  back> 
but  the  existence  of  available  coal  at  both  places  alters  the  case  very  much 
In  this  view,  and  in  consideration  of  the  increasing  demands  for  fuel  in 
that  vast,  remote,  and  strange  country,  the  existence  of  coal  is  really  a 
providence. 

NoTB. — Most  of  the  fact«  in  relation  to  the  Australian  coal-fields  were  obtained  flrom  id 
admirable  paper  on  the  subject,  bj  Mr.  Henry  T.  Flews,  published  in  the  ''Traiuactions 
of  the  North  of  England  Institute  of  Mining  Engineers,"  toL  tL  1867-M 
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CHAPTER    Vr. 

THE  HI8T0BY  OP  COAL  ASB   ITS  DEVELOPMENT. 

The  Earliest  NoticB  of  Coal  in  the  Yiir  871  b.o.— Coiil  nacd  bj  the  E»rly  BritonB  boJ 
Roataos— Fo?9il  FupI  used  in  England  8&2a.d.— Cool  aenl  lo  London  in  1240— First 
(axed  in  1379~Iron  Grst  mndc  wilb  Pit-Cosl  in  1612— Coke  came  into  GcDcral  Vep  in 
1710 — Progress  of  the  Conl-Trftde — Produolion — Capital,  VMuo,  and  Labor — Progresi 
srlnreDtiOD  snd  Improve  men  I — Locomolive — Dnvy  Lamp — Mining — Ventilation — Miners 
—Hot  Blut — Coit  of  Iron— Cake — Iron— Sleam-Poner  in  England— Pen nsyWania  An- 
Ihradtc — Wjoming  Valley — First  used  by  BlaekHmillia — First  used  in  Orates — Opening  of 
Trade  of  Wyoming — ATOnuea — Sbipmenls— The  Lehigh  Region — Diacovery  of  C«iil  — 
The  Lehigh  Coal-Mino  Company—StDne-Coai- First  scut  to  PhiladeIphia_FirAt  Siiccess- 
M  Introduclioa  as  a  Fuel — Orent  Con! -Quarry— First  Bailroad — Schuylkill  Region — 
Nicho  Allen— Col.  George  Shoemaker— White  t  Haiinrd  — "Let  it  Alone"— 0 pout ng 
of  the  Coal-Tradp  on  the  Schuylkill— Uovolopment  of  tlio  Jlinea— The  Middle  Cool-Field 
— Cumberland — WealEra  Coala, 

DEVELOPMENT  OF  COAL  IS  ESGLASD. 

We  propose  in  the  present  chapter  to  present  a  brief  sketch  of  the 
histon,"  and  development  of  coal,  con6ning  onrselves  almost  exclusively  to 
the  older  coal-fields  of  England,  and  to  the  early  history  of  our  Pennsyl- 
vania anthracite  regions:  the  first  presenting  the  earliest  data  and  the 
greatest  present  m^nitude;  the  second  presenting  to  tia  the  most  interest^ 
ing  features  and  promising  the  greatest  future  importance. 

In  the  early  periods  of  civilization,  before  men  congr^ated  in  cities  and 
towns,  the  products  of  the  forest  were  sufEdent  for  their  wants;  but,  with 
the  prioress  of  Christianify  and  the  consequent  development  of  intelligence, 
men  became  more  sociable  and  dependent  on  each  other,  and  not  only  found 
pleasure  and  profit  in  the  social  intercourse  and  the  exchange  of  ideas,  but 
also  in  the  exchange  of  labor  and  the  productions  of*  labor.  This  led  to 
the  happy  results  of  the  present  day,  when  the  arts  and  sciences  are  made 
practically  useful  to  man  and  the  hidden  resources  of  Nature  made  avail- 
able by  their  means.  Thos,  coal,  iron,  and  oU  are  the  developments  of 
modem  tJmes,  and  are  more  the  result  of  true  intelligence  than  priTtte 
necessi^.  Men  lived  in  cities  and  masses  long  ago,  as  th^  now  live  in 
China,  yet  did  not,  and  do  not,  avail  themselves  of  those  great  elements 
of  strength  and  power, — ^not  because  they  were  not  wanted,  but  because 
their  intellectual  attainments  could  not  appreciate  the  bounteous  gifts  of 
Nature  or  convert  them  to  use. 

Coal  exists  in  Syria,  on  Mount  Lebanon,  and  may  have  been  worked 
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daring  the  earlj  ages,  as  we  find  fineqnent  allusions  to  ''coals  of  fire"  in 
the  ScriptnreSy  which,  however,  maj  as  likely  refer  to  charcoal  as  stone- 
coal. 

The  earliest  notice  we  find  of  done-coal  is  B.C.  371,  in  which  Theophras- 
tos,  a  Greek  author,  speaks  of  Lithanthrax  as  being  found  at  Ellis  and 
used  bv  the  smiths  at  that  time. 

But  the  coal-fields  of  England  were  undoubtedly  the  first  to  be  practi- 
cally developed.  Evidences  are  found  which  demonstrate  its  use  by  the 
ancient  Britons  prior  to  the  Roman  invasion ;  and  the  discovery  of  tools 
and  coal-Anders  near  the  stations  on  the  Roman  wall  proves  that  it  was 
used  bv  them. 

The  first  record  which  has  come  to  light  of  the  use  of  dane-eoal  in 
England,  mentions  the  receipt  of  twelve  cart-loads  of  fossil  fuel,  or  pit- 
coal,  by  the  Abbey  of  Petersboro,  a.d.  852.  But  not  until  1180  do  we 
find  any  records  of  regular  mining.  At  this  date,  however,  several  leases 
or  grants  are  recorded,  in  the  books  of  the  Bishop  of  Durham,  of  mines 
in  the  county  of  Durham.  In  1240  coal  was  first  sent  to  London,  and  in 
1300  considerable  quantities  were  used  by  smiths,  brewers,  and  others. 

In  1379  the  first  government  tax  was  laid  on  coal;  and  from  that  time 
until  the  eighteenth  centurj-,  or  1831,  the  tax  was  frequently  changed,  the 
lowest  named  being  a  duty  of  one  shilling  per  chaldron,  and  the  highest 
ten  shillings  per  chaldron  on  all  coals  sent  beyond  sea. 

In  1831,  after  a  continuation  of  400  years,  the  tax  was  repealed.  The 
highest  home-tax,  perhaps,  was  during  the  great  French  wars,  when  it 
was  nine  shillings  and  fourpence  per  chaldron. 

In  1612  the  first  patent  for  making  iron  with  pit-coal  was  granted  to 
Simon  Sturtevant,  at  which  time  it  was  claimed  that  about  three  tons  per 
furnace  per  week  could  be  made  with  coal;  but  it  does  not  appear  that 
Sturtevant  met  with  any  success.  Dudley  again  made  the  attempt,  and 
obtained  patents  in  1619  for  the  manufacture  of  iron  with  pUnxxd  in 
Worcestershire.  But  poor  Dudley  lost  all  his  property  and  was  imprisoned 
for  debt  in  his  endeavors  to  perfect  a  process  which  has  since  been  made 
so  successful. 

We  do  not  read  of  any  further  attempts  at  the  manufacture  of  pig-iron 
in  the  blast-furnace  with  pit-coal  until  1713,  when  a  Mr.  Darby,  of  Cole- 
brook  Dale,  appears  to  have  used  it  successfully.  In  1747  we  learn  that 
cast  iron,  suitable  for  the  manufacture  of  cannon,  was  made  with  pit-coal, 
and  that  both  coal  and  iron  were  brought  out  of  the  same  mine. 

In  1700  the  number  of  blast-furnaces  in  England  appears  to  have  been 
about  sixty-four,«using  charcoal  as  a  fuel,  and  were,  consequently,  located 
more  with  reference  to  a  supply  of  wood  than  any  other  consideration. 
Sussex  had  the  greatest  number;  there  were  some  in  Kent,  and  a  few  in 
the  midland  counties  and  along  the  Welsh  borders.    But  about  1740,  when 
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the  change  of  fuel  from  charcoal  to  coke  took  ptac^  lutil  was  being  brought 
shout,  the  number  of  furnaeea  decreased  to  69,  arfif.tbe  manufacturing 
interests  were  gradually  removed  from  the  woodland'  to. the  coal  districts. 
The  annual  product  of  iron,  about  Ihia  time,  dccreaswl  'iBore  than  one- 
fourth,  and  was  only  17,350  tons;  but  as  the  use  of  coke  became  general 
and  better  understood,  the  trade  again  increased  to  61,300  tuns  in  1788, 
of  which  only  13,000  tona  were  made  witli  charcoal,  and  fi-om  tbntdate  the 
development  of  tlie  iron-trade  of  England  was  rapid,  as  the  i^llowiiig 
figures  indicate.  ■    ". 

pkoghess  op  the  iron  trade  op  England.  ■■:/ 

Tom.     ■•^.-' 

*179G,  121  blast  (coke)  furnncca  produced 124,79J**X* 

•1802,  163  coke  furnaces  produced 170.000 

•1806,  227  (ooly  159  id  blast)  "  250,000 

•1820  "  400,000 

•1827,  280  fumaccH  in  blast  "  654,000 

1845 1,250,000 

1861 2,500.11(10 

1864 5,000,000 

PROGRESS  OP  THE  COAL-TKADE  OF  BNOLAND. 

The  reconls  of  the  coal-production  of  Great  Britain  were  neglected 
during  its  early  development,  and  cannot  be  traced  back  with  any  accuracy 
beyond  the  year  1828. 

We  give  the  coastwise  and  foreign  vend  or  shipments  from  Newcastle,  aa 
iadicating  the  average  increase  in  the  British  production. 

SHIPMENTS  OP  NEWCASTLE  COAL. 

Coutvb*.  Ponlgn.  TaUl  torn. 

1602 190,000 

J609 214,305  24,956  239,261 

1622 801,785  43,755  345,640 

1630 253,380  86,542  289,922 

Neweat^  an({  Sunderland. 

1660 537,000 

1700 653,000 

1710 650,000 

1750 1,193,457 

1800 2,520,075 

1820 3,403,225 

1840 5,587,384 

1861 10,364,647 

•  Dr.  Ore. 
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•  . 


During  1861  the  Ijot^  production  of  Durham  and  Northumberland^  or  tl 
Great  Northern  co^Nfield^  was  21,777,570  tons,  of  which  amount  2,700 fit 
tons  were  consiwed'itt  home  or  wasted  at  the  mines  in  fine,  &c* 

:'/.•.. tOTAL  PRODUCTION  OP  GREAT  BRITAIN. 

Total  toni. 

1845... ./.J: 31,500,000 

1850r..^, 60,000,000 

1855..... 65,000,000 

ISHSO^ England 63.870,123 

'\*''    Wales 8,501,021 

'./•'"    Scotland 11,081,000 

:>/•     «   Ireland 123.070...  83,635,214 

;/  '-     1864*  (of  which  about  86,000,000  were  Tended) 90,000,000 

« 

Statistical  Table  or  the  Capital,  Labor.  Value,  ahd  Pboductiovs  or  thi 

English  Coal-Tbade,  1854. 


Hamet  of  Districts. 


Durham  and  Northumberland.. 


Cumberland 

Yorkshire 

Derbyshire 

Nottinghamshire. 

Warwickshire 

Leicestershire .... 
Worcestershire ... 


Staffordshire 

Lancashire 

Cheshire 

Shropshire 

Gloucester,  S.  and  Devon . 


Flintshire  and  Anglesea 

Monmouthshire,       Glamorgan- 
shire, and  Pembrokeshire...., 

Scotland , 

Ireland 


ttlored    in     the 


tul  ciiiitltivcil  in    tiun  of  each  Dis- 


Miiiiug. 


trict,  in  Tuns. 


Under  ground, 
29.000 

Above  ground.  ! 
7,024        , 

8iJo.00<),000 

86,624 

) 

1 

t36,024 

1 

$50,000,000 



1     

1 

•  ••••••■•••••••          1          - - 

t3G,624 

$50,000,000 

t3G,624 

$55,000,000 

146,4%        ;  §220,000,000 


15,500.000 


867,000 

7,260,000 

2,466,696 

813,474 

265,000 

489,000 

8,760,000 


TalveoTOod 
tlMPits. 


16,811,670 


8,750,000 
9,080,500 
786.500 
1,080,000 
1,492,866 


16,389,810 


1,148,000 

8,500.000 

7,448,000 

148,760 


17,289,760 


64,789,789 


»»•»*»  a..... 


$80,000,0 


••••.••••  .*• 


$22,000,C 


$28,000,( 


$26,000.1 


$100,000,< 


*  The  production  of  the  British  mines,  Including  colliery  and  home  consumption,  is  i 
less  than  100,000,000. 

t  The  number  of  hands  is  estimated  for  the  last  three  districts.  The  figures  are  tt 
Hnnt's  Statistics. 
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PROGRESS  OF  TNYENTION  AND  DEYELOPMSNT. 

Previous  to  1660  the  transportation  or  conveyance  of  ooal,  both  above 
and  below  ground^  was  done  by  hand  or  by  horse-power^  and  fer  a  long 
subsequent  period  much  of  the  conveyance  was  done  in  the  same  manner. 
Women  and  girk  generally  conveyed  the  coals  to  the  surfiuscy  and  horseB, 
mulesi  or  asses  carried  them  to  the  consumers  in  sacks,  and  still  more  subse- 
quently in  carts.  But  during  1660  wooden  rails  and  trams  were  first  used 
above  ground  at  the  mines,  and  about  the  same  time  the  steel-mill  was 
introduced  for  the  purpose  of  lighting  gaseous  mines. 

Bails  were  not  used  under  ground  until  about  1777,  when  they  first  com- 
menced to  take  the  place  of  sledges  or  *'  coaves/'  which,  however,  they 
have  not  yet  entirely  displaced  in  this  country,  since  the  sledges  or  eoaves 
were  mndi  in  u^e  in  the  South  as  late  as  1860.  In  179(^  cast  ndk  were 
first  used,  and  wroughtHuron  rails  in  1816;  from  this  date  improvements 
made  rapid  progress. 

Coal  gas  was  made  use  of  practically,  in  England,  fat  light  in  1798  or 
1800.  Steamboats  were  first  introduced  there  in  1812,  though  in  use  in 
America  since  1790,  when  Fitch  made  his  first  trip  on  die  Delaware. 

Steam-power  appears  to  have  been  used  to  a  limited  extent  at  collieries 
in  1714^  but  was  not  generally  or  perhaps  much  in  use  until  ISOOl  The 
first  locomotive  was  made  by  Trevithick  and  Vivian,  who  were  Oomish- 
men,  in  1801,  and  was  used  on  Merthyr  Tydvil  Bailroad  in  South  Wales. 

Stephenson's  first  improved  locomotive  was  put  in  usis  in  1814^  but  was 
not  used  on  publie  railways  until  1825,  when  the  Stockton  &  Dttrlington 
line  was  opened.  The  Stephenson  and  Davy  sa&ty-lamps,  for  use  in  fiery 
or  gaseous  mines,  were  invented  or  perfected  for  use  in  1816;  and  from 
this  date  the  development  or  increase  of  the  English  coal-trade  has  been 
very  great. 

The  improvement  in  mining  and  ventilation  has  also  kept  pace  with  the 
invention  and  demands  of  the  times.  Formerly,  coal  was  dug  in  open 
pits  along  the  outcrops  of  the  seams.  Deeper  pits  were  subsequently  sunk 
to  water-level,  or  drifts  were  driven  horizontally  on  the  coal,  and  the  coal 
conveyed  to  the  surface  on  the  backs  of  women  or  girls;  but  no  system  or 
order  of  mining  or  ventilation  was  pursued.  We  presume  the  mode  gene- 
rally pursued  in  the  Southern  States  to  be  a  pretty  correct  model  of  the 
old  English,  since  both  were  conducted  on  primitive  principles. 

On  the  introduction  of  steam  machinery  and  the  consequent  opening  of 
deeper  and  comparatively  extensive  mines,  improvements  became  necessary, 
and  the  ^'pillar  and  stalP'  and  a  system  of  natural  ventilation  was  first 
adopted.  This  mode  is,  or  was,  much  the  same  as  that  now  in  use  at  the 
anthracite  mines  of  Pennsylvania.  But  by  this  mode  of  mining  from  one- 
fourth  to  one-third  of  the  coal  was  lost,  from  the  inability  to  secure  the 
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ooal  in  the  pillars  b^  "rolling/'  in  conseqaeoce  of  the  crosliing  veigbt  of 
the  top  causing  an  abandonment  of  the  "fece/'orby  the  "creeping"  of  the 
bottom  preventing  access. 

It  may  be  difficult  to  devise  a  better  svstem  of  mioiag  for  the  steep 
veins  of  the  anthracite  r^ons,  though  the  present  mode  is  snaceptible  of 
mnch  improvement.  But  in  the  flat  seams  or  low  basins  of  England  there 
were  both  the  means  and  the  want  of  improvement.  The  mines  were  deep 
and  gaseous,  and  the  seams  genemlly  thin  and  comparatively  nnproduetive: 


therefore  an  improved  srstem  of  ventilation  wns  demanded,  and  it  became 
a  matter  of  importance  in  the  economy  of  mining  to  prodaoe  as  much  coal 
as  possible  from  a  given  area. 

In  this  connection  we  cannot  give  a  detailed  description  of  the  varions 
modes  of  mining  and  ventilating  as  adopted  at  different  times  in  the 
English  minee,  from  the  "pillar  and  stall"  and  the  "board  and  pillar"  to 
the  "board  and  wall,"  or  the  "  long  wall,"  as  now  generally  in  ase,  or  the 
modes  of  splitting  and  crossing  the  air,  as  now  used.  We  shall  refer  to 
those  snbjects  under  their  appropriate  heads.  But,  to  give  a  concise  histoiy 
of  the  progress  of  the  times,  we  may  state  the  result  of  the  improvement 
in  mining  has  been  a  Mvin,!^  of  one-tiiird  more  coal  than  oonld  be  obtained 
by  the  old  mode  or  that  now  generally  in  use  in  this  countiy;  while  the 
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ImproroneDtB  in  ventilation  enable  them,  and  also  onnelTea,  to  ooane 
from  40,000  to  160,000  cnbio  feet  of  air*  per  minate  throngh  the  mine, 
when  we  could  only  foroe  irom  1000  to  10,000  ieet  by  the  old  and  natoral 
prooessea. 

The  fint  mode  of  ventilation  oaed  ma,  of  oonrse,  "natnnl,"  oanaed  by 
elevating  the  "npcaat,*'  or  exit,  above  tha  "downoast^"  or  inlet.  The  next 
mode  ^^Kwa  to  have  been  by  meana  of  "water&Ui,"  cnating  a  moving 
adamn  of  air  by  the  meaiu  of  fidling  water  into  the  mine  or  ahaft.  Tho 
tiiird,  and  that  now  geneoCly  in  use,  is  the  "ftunao^"  whidi  ereatea  a 
dnft  by  nttgfiwtion,  canung  a  rapid  exit  of  tlie  vapon  or  fixil  air  of  the 
mine,  and  a  consequent  influx  to  fill  the  partial  vaonnm.  The  iborth  may' 
be  stylE^  "the  steam-jet,"  oaosed  by  the  momentaiy  impulae  of  mihing 
tteam  agninst,  or  id,  the  moving  coliunn  of  eeoaping  air,  whiah,af  ooone, 
increase  ttie  movement  at  the  point  of  vent;  bat  in  deep  abafti  the  efibeta 
are  lost,  or  {mrtinlly  so,  befbre  the  colomn  reacdieB  ita  exit,  from  the  fiwit 
that  the  steam  loses  its  elaitknty  the  nunnent  it  oondsnaea.  Bteam  acta  like 
a  wire  spriDg,  losing  its  power  aa  aoon  as  He  elaatidty  ia  destroyed  or  tA 
lest,  wbioh  is  quite  the  revene  of  the  fUmaoe  ntode  of  ventilati<m. 

The  Hftb  and  la^it  mo'leof  venttlotion  we  shall  mention  ia^'mediaiuaal," 
caosed  by  the  operation.^)  of  a  fiu  or  other  maohineiy,  which  draws  the  fbal 
•ir  from  the  mines,  and,  ixnueqnently,  the  atmoapberio  air  fllla  its  place. 
This  mode  wc  think  tlie  meet  perieot  in  iu^  and  ja  now  &Bt  saperaeding 
all  otiiera. 

Since  the  age  of  improvement  hss  not  gone  by,  we  may  mention  a  late 
invention  in  the  economy  of  mining  which  may  fairly  be  classed  with  the 
most  important  of  the  past  or  present  in  this  respect, — the  application  of 
madiinery  to  the  work  of  mining  in  place  of  the  thousands  of  men  who 
DOW  dig  our  coal  by  the  most  tedious  and  slavish  labor  known. 

A  great  many  coal-cutting  machines  are  now  in  successful  use,  driven  or 
operated  by  steam,  water,  or  compressed  air.  Their  nniversa!  application 
to  all  bituminous  or  moderately  flat  veins,  where  mining  is  extensively 
carried  on,  is  only  a  matter  of  time.  Not  only  their  cheapness  and  supe- 
rior effectiveness  entitle  these  "  iron  miners"  to  fiivor,  but  a  meana  is  ofifered 
of  working  smaller  seams,  and  deeper,  warmer,  and  more  gaseous  basin»<; 
since  the  air  they  breathe — when  worked  by  condensed  air — improves 
instea<l  of  vitiates  the  mine. 

In  the  process  of  manu&cturing  iron,  the  improvements  did  not  cease 
witli  the  change  from  charcoal  to  coke.  It  was  hut  the  dawn  of  the  great 
iron-trade  of  Britain,  and  the  mode  was  as  primitive  as  the  times. 

Furnaces  increased  in  size  and  capacity.     From  5  they  increased  to  10 

*  The  qusDlitj  of  ^r  forcftd  or  drawn  through  Ibe  Hetlob  oollierj-,  Engtuid,  ii  176,000 
cable  feet  p«r  injaut«. 
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toDS  per  week,  and  from  10  tons  per  week  they  were  soon  increBfled  to  • 
production  of  60  tona,  trhich  was  about  the  mean  of  the  280  fltroaceB  in 


blaat  during  1826.  But  the  rapid  increase  from  1790  to  1826  was  amaQ 
in  comparison  with  the  increa^  of  production  from  1826  to  1850,  or  the 
decrease  m  the  oomparativo  prices.  Some  of  this  increase  during  the  lata 
period,  as  in  the  former,  was  OAving  to  the  enlargement  of  the  fumaoee,  the 
improvement  in  machinery,  and  the  greater  experience  and  intelligenoe  of 
the  iron-masters.  But  the  great  improvement,  and  the  one  more  than  all 
others  which  has  influenced  the  iron-trade,  was  the  invention  and  appliciF 
tion  of  the  hot  blast. 

Its  influence  on  the  ooke-iron  was  truly  wonderful,  bat  it  was  the  eool 
of  the  anthracite  blast-furnaces;  without  its  aid  the  hard  stone-coal  of 
Wales  and  Pennsylvania — the  pure,  natural  eokes — would  have  been 
unavailable  for  the  production  of  iron. 

As  an  instance  of  the  great  beneflts  derived  from  the  use  of  hot  blast  in 
coke,  we  may  note  the  influence  on  the  productions  of  the  Clyde  Iron 
Works,  Scotland. 

At  these  works,  in  1829,  the  cost  of  the  coke,  iron,  and  limestone 
required  to  produce  one  ton  of  iron  by  cold  blast  was  X8  48.;  but  in  1833, 
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when  the  hot  blast  was  in  full  operation, — ^having  been  introduced  in  1831, 
— ^with  a  temperature  of  612^  Fahr.,  the  cost  of  making  the  ton  of  pig, 
including  labor,  &c.,  fell  to  £S  68. ;  while  the  productions  of  the  furnaces 
were  nearly  doubled.  The  cost,  however,  of  pig  iron  in  Great  Britain  has 
been  put  at  j£2,  or  $10,  per  ton,  of  late  years. 

In  1850  the  cost  at  Merthyr,"*"  in  Wales,  is  given  at  <£3  O^.  bd.;  at 
Gla^ow,  Scotland,  at  £2  17«.  9d. 

Ibe  groas  make  of  coke  in  Great  Britain  in  1860  is  estimated  at  6^000,000 
tons;  of  this  amount,  2,500,000  were  the  products  of  the  NortJiem  coal- 
field in  Dorfaam  and  Northumberland.  The  present  gross  production  of 
jHg  iron  in  Great  Britain  is  estimated  to  exceed  5,000,000  tons  per  annum. 
To  produce  this,  not  less  than  from  2}  to  3  tons  of  crude  coal  per  ton  are 
nqidied  as  a  mean,  which  would  exhaust  about  3000  acres  of  a  four-foot 
fleam  of  ooal  per  annum. 

^It  has  been  calculated  that  an  acre  of  coal  four  feet  in  thickness  pro- 
dnoes  as  mndi  carbon  as  115  acres  of  full-grown  forest;  and  timt  a  bushel 
of  Qoaly— 84  pounds,— consumed  carefully,  is  capable  of  raising  70,000,000 
poonda  one  foot  high;  and  that  the  combustion  of  two  pounds  of  coal 
gives  ont  power  sufficient  to  raise  a  man  to  the  summit  of  Mont  Blanc, 
15,668  feet  high. 

^The  aggr^ate  steam-power,  estimated  at  83,635,214  horse-power,  of 
Greafe.Biitain  and  Ireland  alone,  is  calculated  as  equal  to  400  millions  of 
men,  op  equal  to  twice  the  power  of  the  adult  working  population  of  the 

gIobe."t 

Wonderful  as  it  may  seem,  the  above  calculation  is  practical ;  and  we 
bave  no  doubt  but  Great  Britain  really  possesses  a  dynamic  strength  in 
iron  and  ooal  to  the  extent  named,  since  we  always  calculate  one  horse- 
power as  equal  to  the  physical  strength  or  exertion  of  seven  men,  which 
would  give  a  laboring  force  of  over  585,000,000  of  men.  To  this,  even 
the  vast  population  of  China  is  insignificant  as  a  physical  power  or  an 
industrial  and  productive  force;  but  when  it  comes  to  forcing  a  steamship 
of  20,000  tons  across  the  Atlantic  at  the  rate  of  300  miles  per  day,  or  a 
train  of  400  persons  at  a  speed  of  60  miles  an  hour,  there  is  no  comparison 
in  brute  force. 


EABLY  HISTORY  AND  DEVELOPMENT  OP  THE  ANTHRACITE  REGIONS  OF 

PENNSYLVANIA. 

;       The  early  history  of  coal  in  America  is  much  less  obscure  and  uncertain 
I    than  its  history  in  England,  for  obvious  reasons.     In  fact,  the  printers 

*Cold  blast  is  stUl  used  at  Mcrthyr, — a  seeming  contradiction  to  the  hot-blast  theory, 
^  this  will  be  explained  fiirther  on. 
t  North  of  Engknd  Iniiitate  of  Mining  Engineers,  toL  xii.,  p.  162. 
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themselves  were  among  the  pioneers  of  our  coal-mines:  first  to  advocate 
the  value  of  coal,  first  to  embark  in  its  development,  and  first  to  chronicle 
its  success ;  though  we  cannot  say  they  were  the  first  to  profit.  We  may 
notice  the  examples  of  Cist,  Miner,  and  Bannan,  whose  names  appear 
prominent  in  the  early  history  of  anthracite  coal,  and  to  whom  we  idiall 
refer  in  the  following  pages. 

Though  the  anthracite  coals  of  Pennsylvania  were  the  first  of  our  ooals 
to  acquire  prominence  or  reputation,  they  were  not  the  first  to  be  discovered 
or  worked  in  this  country. 

The  bituminous  coals  of  Richmond,  Virginia,  were  the  first  to  be 
developed,  and  enjoyed  a  trade  with  Philadelphia,  New  York,  and  Boston 
as  early  as  1789;  while  it  had  been  used  pretty  extensively  in  the  vicinity 
of  the  mines  as  early  as  1775,  and,  during  the  War  of  Independence,  was 
used  at  Westham,  on  the  James  River,  five  miles  above  Richmond,  for  the 
manufacture  of  shot,  shell,  &c.,  or  until  destroyed  by  the  traitor  Arnold 
in  1781. 

It  must  have  been  discovered  and  worked  as  early  as  1750.  The  writer 
has  seen  oak-trees,  at  least  one  hundred  years  of  age,  growing  on  the  coel- 
banks  of  the  old  excavations,  which,  like  all  the  primitive  developments 
of  the  kind,  were  simple  quarries  or  open  cuts  on  the  outcrops  of  the  seams. 
Tradition  says  the  coal  of  the  Richmond  field  was  first  discovered  by  a  boy 
who  was  digging  for  ^^  crawfish'^  as  bait  when  on  a  fishing  exonrsion. 

THE  WTOMING  VALLEY. 

The  first  authentic  account  we  find  of  the  practical  use  of  anthracite  coJ 
is  in  1768-69,  when  it  appears  to  have  been  first  used  by  two  blacksmithB 
from  Connecticut,  by  the  name  of  Gore,  who  had  settled  in  the  Wyoming 
Valley.  This  was  the  first  successful  and  practical  application  of  stone- 
coal,  or  anthracite,  in  this  country,  and  inaugurated  its  use  by  the  smiths 
of  that  region  generally.  Judge  Obadiah  Gore,  one  of  the  brothers  allnded 
to,  subsequently  statctl  the  fact  as  set  forth  to  Judge  Jesse  Fell,  of  Wilkes- 
barre,  who  in  turn  communicated  the  interesting  data  to  Silliman's  Journal 
and  Hazard's  Register.  We  state  this  particularly,  since  there  has  been 
some  doubt  as  to  the  priority  of  development  in  the  several  regions. 

The  discovery  of  coal  in  the  Wyoming  Valley  must  have  been  soon 
after  its  settlement  by  the  "Yankees"  in  1762.  The  coal  crops  out  in  so 
many  places  among  the  rocks  of  the  valley,  and  in  such  conspicuous  locali- 
ties, that  the  early  settlers  could  not  avoid  seeing  it;  and  as  many  of  them 
were  intelligent  men,  and  some  of  them  undoubtedly  familiar  with  the 
bituminous  coals  of  the  mother-country,  it  is  not  at  all  surprising  or  strange 
that  the  first  practical  development  should  have  been  in  this  r^ion. 

The  diificulty  of  igniting  anthracite,  or  of  burning  it  without  an  arti- 
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itl  blast,  prevented  ite  oae  genenlly  in  tine  place  of  wood;  Trhile  the 
eapnesB  and  aboodsnoe  of  this  as  a  fuel  were  adequate  to  the  wauti  of 


t  times,  and  there  vaa  no  inducement  for  the  introduction  of  mineral 

il. 

The  ironsmith — or  "blackamith,"  as  we  call  him — has  ever  been  the 

ineer  among  the  useful  minerals  of  the  earth,  aa  be  has  been  our  master 

chanic  from  time  immemorial ;  and  he,  as  usual,  was  quick  to  appreciate 

I  \-a1ue  of  anthracite. 
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Fmm  the  time  of  Obadiah  Gore's  first  experiment  in  1768-69,  the  ooal- 
tnulc  of  Wyoming  has  b^n  steadily  growing, — imperoeptibly  at  first,  but 
arlvanr:ing  subsequently  with  rapid  strides.  In  1776,  or  at  the  commenoe- 
rn^nt  of  the  Revolutionary  War,  coal  was  taken  in  arks  from  the  Wyoming 
ru\w:H  down  the  Susquehanna  to  the  Government  arsenal  at  Garlisle,  in 
I'fmnHylvania,  and  this  was  continued  during  the  war. 

^J'hi;  /:oal  was  mined,  or  rather  quarried,  at  the  locality  now  known  as  the 
Haliimori;  or  Ilollenback  mines,  above  Wilkesbarre,  and  from  the  old 
"Hriiith  Mine,"  in  the  vicinity  of  Plymouth. 

Tim  irwlii  in  arks  on  the  Susquelianna  seems  to  have  been  continued 
afb;r  th(;  war,  until  the  completion  of  the  North  Branch  Canal,  but  ex- 
iduHiVitly  for  the  use  of  smiths  or  forges.  It  was  not  until  1808  that  stone- 
cf>iil  or  unUiracite  was  first  used  in  grates  for  domestic  or  other  purposes 
tiiun  the  smitlicry. 

I^he  late  Judge  Jesse  Fell  of  Wilkeslmrre  appears  to  have  been  the  first 
of  whom  we  have  any  authentic  record  who  used  this  coal  sacoessfully  in 
tlie  common  grate  or  for  domestic  purposes. 

'^He  believed  that  our  coal  couUl  be  burned  in  grates.  He  judged,  co^ 
rectly,  that  the  natural  draft  occasioned  by  a  fire  would  be  aufl^ent  if  the 
coal  were  only  placed  in  a  proper  position.  It  is  rational  to  bdieve  thift 
these  were  his  views ;  for  his  first  experiment,  known  to  his  descendants 
now  in  town,  was  made  with  a  wooden  grate,  very  much  in  the  form  of 
those  now  in  use.  It  is  amusing  now  to  think  of  burning  coal  in  a  wooilen 
grate ;  but  his  logic  and  economy  were  based  on  sound  principles.  He 
reflected,  no  doubt,  that  if  he  could  make  his  fire  bum  so  freely  as  to 
destroy  his  wooden  grate  he  could  then  well  afford  to  make  one  of  irooi 
and  could  do  so  without  fear  of  loss  or  disappointment. 

^^  We  know  not  the  result  of  this  first  experiment,  or  any  of  the  partifio- 
lars ;  but  the  inference  is  reasonable  that  he  succeeded,  for  his  next  exp^ 
ment  was  more  public.  One  of  his  daughters,  the  wife  of  Col.  J.  }• 
Dennis,  lately  deceased,  told  me  that  she  well  remembered  the  dream- 
Ktiinr«s  attending  it.  The  judge  was  a  practical  man,  and  aometliing  of  a 
nuxihanic.  She  recollected  his  going  into  the  blacksmitb-Bhop  of  Us 
nephew,  Edward  Fell,  and  of  his  working  with  him  most  of  the  day 
fiuiliioning  an  iron  grate. 

^^  IjiUi  in  the  afternoon  he  bronght  it  home,  and  set  it  up  with  brick,  in 
tlie  fire|)lace  of  the  bar-room.  By  evening  he  had  kindled  in  it,  with 
(mk  wocmI,  one  of  the  best  of  coal  fires.  The  interest  this  excited,  and  tb 
many  visits  of  curious  neighbors,  anxious  to  see  a  stone-coal  fire,  were  ah> 
well  remembered  by  Mrs.  Dennis.  I  was  an  inmate  of  her  hoose  when  then 
fiicts  first  came  to  my  knowledge.  I  had  taken  down  from  their  libraxyt 
book  entitled  '  The  Free-Mason's  Monitor,'  and  found  upon  one  of  its  flj^ 
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leaves,  in  the  clear,  bold  handwriting  of  Judge  Feli,  wliicb  I  had  learned 
to  know  from  the  records  of  our  county, — the  following  mcmoninda: — 

"Feb.  11,  of  Masonry  5808. — Made  the  experiment  of  burning  the 
common  stone-coal  of  the  valley,  in  a  grate,  in  a  common  fireplace  in  my 
bonse,  and  find  it  will  answer  the  purpose  of  fuel,  making  a  clenrer  and 
better  fire,  at  less  expense,  than  burning  wood  in  the  common  way.* 

'■Borough  of  WilkeebuTB,  1 
Febnur?  11,  IS08.       / 

(Signed,)  Jesse  Fell." 

Following  this  development,  coal  soon  became  a  staple  article  in  the 
valley,  and  mining  a  busines.s,  though  but  primitive  at  first.  Coal  sold  in 
Wilkesbarre,  about  1790,  for  domestic  purposes,  in  small  quantities,  at  $3 
per  ton,  and  in  Marietta,  on  the  Susquehanna,  for  $8  to  $9  per  ton,  from 
1810  to  1814.  Previously,  we  presume,  it  must  have  been  higher,  as 
enbsequent]y  it  became  lower. 

The  coal-trade  of  Wyoming  did  not  expand  rapidly  or  increase  in  pro- 
portion to  the  subsequently  developed  regions  of  the  Lehigh  and  the 
Schuylkill.  The  want  of  avenues  to  the  great  eoal-consuming  marljj  was 
long  felt  by  the  miners  of  the  Valley. 

Though  the  Pennsylvania  Canal  (now  the  Wyoming)  was  opened  at  a 
comparatively  early  day,  the  markets  in  that  direction  were  limited,  and 
the  vend  but  small.  In  1842  we  find  the  first  statistical  return  as  47,346 
tons.  But  during  the  same  year  205,253  tons  wi?re  sent  from  the  eastern 
end  of  the  Wyoming  coal-field,  by  the  Delaware  <£:  Hudaon  Canal  Com- 
pany. 

This  company  had  completed  a  line  of  canal  from  the  Hudaon  to 
Honesdale,  Pennsylvania,  a  distance  of  108  miles,  and  a  railroad  15  miles 
long,  over  a  mountain  1000  feet  high,  at  a  total  cost  of  about  7,000,000  of 
dollars,  for  the  sole  object  of  reaching  the  coals  of  the  Valley. 

This  great  enterprise  was  completed  in  1 829,  and  7000  tons  of  coal  were 
ecnt  to  New  York  during  that  year.  Since  then  the  shipments  over  this 
line  have  reached  1,561,203  tons  per  annum,  being  the  amount  shipped 
during  1864.  But  836,792  tons  of  this  amount  were  mined  by  the  Penn- 
Bylvania  Coal  Company,  whose  coal  goes  over  the  same  line. 

Notwithstanding  the  largo  amount  of  capital  originally  invested  by  the 
Delaware  &  Hudson  Canal  Company,  it  has  been  perhaps  the  most  suc- 
cessful coal  company  ever  organized.  For  nearly  35  years  its  dividends 
have  been  lai^,  and  its  operations  wisely  and  practically  conducted. 

In  1846  the  Lehigh  &  Susquehanna  Railroad,  from  tlie  Lehigh  Canal 
M  White  Haven,  to  a  point  near  Wilkesbarre,  was  opened,  and  5886  tons 

*  Leetvre  on  Uinatil  Coal,  1>7  T.  L.  Uaxwall,  Eaq.,  of  WUkMbure. 
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of  ooal  sent  over  the  mountains  to  Philadelphia,  via  this  and  connecting 
lines. 

In  1854  the  Delaware^  Lackawanna  &  Western  Boad  was  opened  from 
Scninton  towards  New  York,  connecting  with  the  Jeraq^  Central.  Over 
this  line  133,963  tons  were  sent  that  year. 

The  North  Branch  Canal  to  the  State  line  north,  and  the  Lackawanna 
&  Bloomsburg  Railroad  leading  soath,  were  next  finished.  These  lines 
give  six  outlets  to  the  coal-trade  of  the  Wyoming  region. 

Though  late  in  acquiring  the  means  of  transportation,  the  fiunlities  of 
tlie  Vallej  are  now  greater  than  those  of  any  other  region,  and  its  produc- 
tions are  £ist  assuming  overshadowing  proportions  in  comparison  with  the 
trade  of  the  earlier-developed  anthracite  coal  basins.  Below  we  give  the 
shipments  of  these  lines  during  1864,  which  may  be  contrasted  with  the 
shipments  of  1842,  which  were  252,599  tons,  or  those  of  1829|  which 
were  perhaps  less  than  10,000  tons. 

ShipmenU  of  coal  from  the  Wyoming  Coal-Field  during  186J^  amd  dU  Imimg 

lines. 

North  Branch  Canal,  Icadinp^  north 156,108 

Lehigh  &  Susquehanna  Railroad,  cast  to  Philadelphia 1S2,S1S 

Wjomin<;  Canal,  leading  south 673,146 

^Lackawanna  &  Bloomsburg  Railroad,  516,473 300,000 

Pennsylvania  Coal  Company,  via  Delaware  &  Hudson 836,792 

Delaware  &  Hudson  Canal  Company 924,411 

Delaware,  Lackawanna  &  Western  Railroad 1,382,146 

4,304,811 

Note. — This  return  is  at  2000  pounds  to  the  ton,  and,  consequently,  will  not  agree  witk 
the  tables  giren  elsewhere. 

This  wonderful  increase  has  been  realized  principally  since  1850.  Only 
827,823  tons  were  sent  from  the  Wyoming  region  during  that  year. 

Note. — In  offering  this  brief  and  connected  history  of  the  deTclopmeni  of  our  eotl- 
fields,  we  can  only  glance  at  the  leading  features,  but  would  here  refer  our  readers  to  tht 
detailed  and  local  descriptions,  which  wiU  be  found  under  their  appropriate  heads  ai 
referred  to  in  the  Index  and  chapters. 

LEHIGH  REGION. 

The  discovery  and  practical  development  of  coal  in  the  Lehigh  region 
were  subsequent  to  its  use  in  the  Wyoming  Valley,  but  the  coals  of  the 
Lehigh  were  the  first  to  realize  a  commercial  value  in  the  Eastern  marked; 
consequently,  the  Lehigh  coal-trade  heads  the  statistical  column,  though  it 

*  This  line  is  a  partial  feeder  to  the  Delaware,  Lackawanna  &  Western,  and  probab^T 
not  more  than  one-half  its  tonnage  can  be  credited  to  the  production  of  the  TaUey, 
part  is  included  in  the  shipments  of  the  Delaware,  Lackawanna  &  Western  Railroad. 
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i»  a  raattpr  of  conjecture  wlielhcr  the  Lchlgli  or  the  Schnylkill  furnished 
tile  first  coal  for  acliiaJ  ooiiiiiutnptioii, — tluit  U,  wliich  teqald  bum.  We 
givG  the  credit  to  Schuylkill. 

M'heu  we  read  of  the  eiirly  attempts  to  burn  luithrac-lte  or  stone  coal, 


and  the  repeated  iailures  even  under  steam-boitera  sad  in  furnaces  built  to 
burn  bituminoQs,  we  are  tempted  to  state  that  the  miaers  c^  that  day  did 
Dot  koovr  coal  from  Ixme  or  tlate,  and  that  we  saspect  they  sent  all  to 
market  as  it  came  firom  the  mines, — coal,  dirt,  and  imparities.  Such  we 
bdiere  to  be  the  chief  reason  why  cool  "  would  not  bum"  in  those  early 
days,  as  it  is  deemed  a  good  reajson  now.  But  let  us  follow  our  pioneer 
miners  through  their  "sea  of  troubles." 

The  first  discovery  of  coal  on  the  I<ehigh  was  in  the  Mauch  Chunk  or 
Bear  Mountain, — a  continuation  of  the  Sharp  Mountain, — about  nine 
miles  west  of  Mauch  Chunk,  and  where  the  village  of  Summit  Hill  is 
now  located.  Though  denominated  the  "Lehigh  Region,"  this  portion  of 
the  Lehigh  coel  is  in  the  Schuylkill  or  southern  coal-field,  and  at  itA  eastern 
end. 

The  discovery  of  coal  in  this  locality  was  made  during  1791  by  a  poor 
hooter  of  the  vicinity, — the,  £imoua  PhUip  GitUer,  We  will  let  him  tell 
his  own  story,  or  that  which  b  so  frequently  told  for  him : — 
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''When  I  first  came  to  these  mountains,  some  years  ago,  I  built  a  cabin 
on  the  east  side  of  the  mountain,  and  managed,  by  trapping  and  hunting, 
to  support  my  &mily  in  a  rough  way.  Deer  and  bears  were  pretty  thick, 
and  during  the  hunting  seasons  meat  was  plentiful;  but  sometimes  we 
ran  short  of  that,  and  frequently  were  hard  up  for  such  necessaries  as  could 
only  be  had  by  purchase  with  the  produce  of  the  hunter. 

''One  day,  after  a  poor  season,  when  we  were  on  short  allowance,  I  had 
unusually  bad  luck,  and  was  on  my  way  home,  empty-handed^  and  dis- 
heartened, tired,  and  wet  with  the  rain  that  commenced  fiilling,  when  I 
stnick  my  foot  against  a  stone  and  drove  it  on  before  me.  It  was  nearly 
dusk ;  but  light  enough  remained  to  show  me  that  it  was  black  and  shiny. 
I  had  heard  of  'stone-coal'  over  in  Wyomink,  and  had  frequently  pried 
into  the  rocks  in  hopes  of  finding  it.  When  I  saw  the  black  rock,  I  knew 
it  must  be  stone-coal,  and  on  looking  around  I  discovered  black  dirt  and 
a  great  many  pieces  of  stone-coal  under  the  roots  of  a  tree  tihat  had  been 
blown  down.  I  took  pieces  of  this  coal  home  with  me,  and  the  next  day 
carried  them  to  Col.  Jacob  Weiss,  at  Fort  Allen. 

"A  few  weeks  after  this.  Col.  Weiss  sent  for  me,  and  offered  to  pay  for 
my  discovery  if  I  would  tell  him  where  the  coal  was  found.  I  accordingly 
offered  to  show  him  the  place  if  he  would  get  for  me  a  small  tract  of  land  and 
water-power  for  a  saw-mill  that  I  had  in  view.  This  he  readily  promised, 
and  aftierwards  performed.  The  place  was  found,  and  a  quarry  opened  in 
the  coal-mountain.  In  a  few  years  the  discovery  made  hundreds  of  for- 
tunes; but  I  may  say  it  ruined  me,  for  my  land  was  taken  from  me  by  a 
man  who  said  he  owned  it  before  I  did,  and  now  I  am  still  a  poor  man.''* 

Col.  Weiss  took  the  specimen  of  coal  which  lie  had  received  from  Ginter 
to  Philadelphia,  and  submitted  it  to  the  inspection  of  men  of  eminence 
and  scientific  attainment,  who  pronounced  it,  after  much  study  and  inves- 
tigation, to  be  stone-coal, — a  fiu;t  which  Philip  had  determined  in  advance. 

John  Nicholson,  Michael  Hillegas,  and  Charles  Cist — an  intelligent 
printer — were  satisfied  of  its  value  and  quality,  and  sent  word  to  GoL 
Weiss  to  satisfy  Ginter,  on  condition  of  his  showing  the  locality  of  the 
coal ;  and  this  was  done,  as  before  related  by  Ginter  himself. 

In  the  following  year,  1792,  Hillegas,  Cist,  Weiss,  and  others  formed 
the  "Lehigh  Coal-Mine  Company,"  and  took  up  about  6000  acres  of  coal 
land,  which  has  since  formed  the  coal  territory  of  the  "Lehigh  Coal  and 
Navigation  Company," — formed  by  the  subsequent  amalgamation  of  the 
Lehigh  Coal-Mine  Company  and  the  Lehigh  Navigation  Company. 

The  original  company,  composed  of  Robert  Morris  (the  celebrated  finan- 

*  This  is  Bubsiantiallj  as  the  story  was  told  by  Ginter  to  a  Ariend  some  years  after  the 
disooTery.  Of  his  history,  adventures,  or  subsequent  life  we  find  no  data,  and  have  nerer 
heard  whether  he  received  reward  or  employment  from  the  great  company  whose  foondft- 
iions  he  laid. 
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cier),  J.  Anthonj  Morrisy  Cisti  Weiss,  Hillegas,  and  others,  organked  an 
expedition  in  May,  1792,  to  open  the  minca.  Four  miners  and  one  of  the 
company  formed  the  mining  force.  The  coal  was  soon  found  without 
limit,  and  several  tons  were  dug  up.  There  was  plenty  of  coal,  and  but 
little  trouble  to  mine  or  quarry  it.  But  what  to  do  with  it  was  the 
question.  The  coal  existed  in  the  midst  of  a  wild  and  mountainous 
region,  sorroonded  by  unbroken,  primitive  forests,  only  traversed  by  the 
war-paths  of  the  Indians  or  the  courses  of  the  hunters.  The  nearest 
market  was  at  Philadelphia,  over  a  hundred  miles  distaiit;  and  even  that 
was  a  doubtfiil  dependence,  since  mineral  coal  of  any  kind  was  but  little 
used,  and  anthracite  or  stone  coal  was  then  a  novelty. 

On  becoming  satisfied  of  the  value  and  extent  of  the  coal  deposits,  the 
company  suspended  operationB  at  the  mines,  and  commenced  to  operate  on 
public  opinion  a:jd  create  an  interest  and  a  market 

Col.  Weiss  olwajrs  carried  samples  in  his  saddle-bags^  and  never  lost  an 
opportunity  to  introduce  his  stone-coal  to  notice,  or  passed  a  blacksmith 
without  urging  on  him  the  value  and  uses  of  the  new  fheL 

But  the  public  generally  are  always  doubtftil,  and  in  this  case  the 
**  black  rocks"  of  the  Lehigh  Coal  Mine  Company  were  a  snlgeot  of  much 
Buspidon  and  ridicule. 

In  1798  the  Legislature  chartered  a  joint-stock  company  to  improve  the 
navigation  of  the  Lehigh,  and  some  $30|000  were  expended  in  clearing 
the  rooks  from  the  shoals  and  constructing  wing  dams.  In  1803  the 
Lehigh  Coal  Mine  Company  again  resumed  operations  at  their  mines,  and 
Fix  arks  were  built  at  Lausanne,  on  the  river,  above  Mauch  Chunky  ready 
for  the  first  fi*eshet  to  float  them  to  Philadelphia  via  the  Lehigh  and  Dela- 
ware Rivers. 

The  coal  was  hauled  from  the  mines  to  the  river,  some  nine  miles,  by 
horses,  and  the  arks  duly  started  with  about  one  hundred  tons  each,  and 
manned  respectively  with  six  men  to  the  float. 

For  the  first  15  miles  the  river  is  very  rapid,  the  fall  being  about  20 
feet  to  the  mile,  but  not  equally  distributed,  the  descent  being  concentrated 
at  the  rapids  or  shoals.  Those  familiar  with  the  railing  of  timber  down 
the  rivers  of  Maine,  or  our  own  Susquehanna,  or  even  the  mode  which  hiw 
been  practised  for  the  last  20  years  on  the  Coosa  in  Alabama,  may  form 
some  faint  conception  of  the  perils  and  excitement  attending  this  early 
navigation  of  the  Lehigh. 

Of  the  six  arks  thus  started  on  their  perilous  trip,  only  two  reached 
Philadelphia,  with  less  than  two  hundred  tons  of  coal.  But  the  difficulties 
of  finding  purchasers  were  equal  to  the  difficulties  of  reaching  the  market. 
No  one  wanted  it,  and  none  cared  to  experiment.  At  length  the  city 
authorities  purchased  the  coal  for  the  purpose  of  working  a  steam-engine 
which  was  then  located  in  Broad  Street  to  pump  water  for  the  supply  of 
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the  city.  The  trial  was  a  &ilure.  The  Htoae-coal  oonld  not  be  made  to 
bum ;  it  was  rejected  as  worthless  rooks,  and  broken  up  to  gravel  the  foot- 
walka  of  the  gTotrnds. 


This  experiment  dampened  the  ardor  and  disappointed  the  hopes  of  die 
coal  company,  and  for  the  next  seventeen  years  ensuing  they  did  not 
meddle  with  alone-coal  on  their  own  responsibility ;  but  several  leases  veie 
grautod  to  sanguine  individuals  whose  fiiith  remained  unshaken. 

William.  Trumbull,  Esq.  had  an  ark-load  of  aDthractte  brought  to  the 
city  of  Philadelphia  in  1806,  but  with  no  better  success. 

In  1813  the  Hon.  Charles  Miner,  Jacob  Cist  (son  of  Charles  Cist),  and 
Mr.  Bobinson,  all  of  Wilkesbarre,  leased  the  mines  of  the  Lehigh  Coal  Mine 
Company,  and  commenced  their  operations ;  but  before  they  were  ready  to 
ship  coal,  Mr.  Robinson  withdrew  from  the  enterprise.  At  length,  how- 
ever, in  the  spring  of  1814,  they  started  five  ark-loads  of  coal  down  the 
Lehigh ;  only  two  readied  Philadelphia,  but  the  coal  they  contained  ww 
sold,  at  21  dollars  per  ton,  to  Messrs.  White  and  Hozzard,  who  were  mano- 
facturing  wire  at  the  Falls  of  the  Schuylkill. 

This  cargo  of  coal  had  been  precetled  by  a  few  wagon-loads  from  Schuyl- 
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kill  County,  whtch  were  taken  to  Philadelphia,  bj  Col.  George  Shoemaker, 
early  in  1812,  and  which  was  the^r«^  arUhracUe  or  done  coal  auoeeaafulfy 
hJLrned  for  practiood  purposes  in  that  dty. 

The  secret  or  mystery  of  burning  anthracite  had  been  discovered  by  aoci*» 
dent.  It  was  found  that  closing  the  furnace  doors  and  leaving  the  coal 
alone  woe  the  simple  remedies;  that  drafts  and  the  passage  of  the  ajr 
through  the  heated  mass,  creating  a  natural  hot  blasts  were  essential  to  Ihe 
economical  ccnnbustion  of  anthracite.  But  this  incident  will  be  related 
more  at  large  in  connection  with  the  history  and  development  of  the 
Sckuylkill  region. 

Messrs.  Miner  and  Cist  found,  on  counting  the  cost,  that  coal-mining  at 
that  early  day,  and  under  the  circumstances,  was  a  losing  business,  and  if 
oootinned  would  be  ruinous ;  and,  consequently,  they  ahemdoned  the  enter- 
prise^ after  sinking  considerable  capital  in  the  Lehigh  coal  trade. 

Young  Jacob  Cist  was  an  intelligent  and  scientific  man,  and  more  familiar 
with  ^neroantile  and  literary  attainments  than  the  original  and  practical 
knowledge  required  for  the  development  of  a  new  and  savage  region. 

The  late  Hon.  Charles  Miner  was  too  well  and  fitvcnably  known  at  home 
to  Med  eokgy  at  our  hands.  He  represented  old  lAueme^  <}ien  embracing 
ill  Kortheailem  Pennsylvania,  in  the  Legialatorey  and  sabeequently  Lan- 
nataiv  Cbestar,  and  Ddaware  Counties  in  Congrass.  He  published  the 
''GUaner/'  and  the  ''Yillajge  Record,''  fixr  a  long  period,  and  was  a  forci- 
ble, ready,  and  practical  writer,  the  author  of  the  History  of  Wyoming, 
and  other  works  and  papers  of  importance  to  the  history  of  our  country 
and  times. 

He  wrote  the  first  essays  on  the  development  of  the  anthracite  coal-fields, 
ind  presented  in  detail  many  of  the  public  improvements  which  have  since 
been  erected  as  a  monument  to  hLs  foresight  and  practical  sagacity.  It  ii$ 
remarkable,  also,  that  he  recommended  a  railway  from  Wilkesbarre  to  the 
Lehigh  as  early  as  December,  1813,  before  railroads  existed,  and  when  not 
[>ne  in  a  thousand  could  know  what  a  railway  was. 

But  Mr.  Miner  was  not  the  only  man  deserving  the  notice  of  the  histo- 
rian, in  connection  with  the  development  of  our  coal-fields.  Josiah  White 
and  others  have  left  practical  monuments  of  utility,  but  none,  like  Miner, 
have  left  their  thoughts  and  actions  so  publicly  recorded:  we  will,  there- 
fore, be  excused  if  Ave  seem  partial,  and  plead  the  want  of  time  and  space 
for  further  personal  remarks. 

In  1820  the  navigation  of  the  Lehigh  was  so  far  improved  as  to  admit 
the  descent  of  arks  with  comparative  safety,  and  during  thai  year  365  tons 
of  coal  were  shipped  to  Philadelphia,  and  sold  at  08.50  per  ton;  and  from 
this  time  the  I^ehigh  coal  trade  has  been  steadily  on  the  increase.  During 
1864  it  amounted  to  nearly  2,000,000  tons.     The  365  tons,  or  one  ton  a 
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(l(iv,  ul'  lHAt,  heads  the  statistical  colimm  of  the  aathracite,  or  we  may  oay 
tlio  Aiiit'riuuii  coal  trade. 

Ill  IM'2  the  Lehigh  navigation  waa  further  improved  from  the  primitive 
wing  ilams  and  sluices,  which  admitted  the  passage  of  loaded  arks,  but  not 
their  return,  to  a  slack-water  navigation,  with  locks  and  dams.  In  its  pre- 
Moiit  condition  the  canal  JB  48  miles  long,  45  to  50  ieet  wide  at  the  bottom, 
60  to  100  at  the  top,  and  six  feet  deep.  The  locks  are  22  feet  wide  and 
102  feet  long.  The  total  cost  of  canal  and  fixtures  to  1864  U  $4,455,000. 
Tlie  amooDt  of  coal  transported  during  the  same  year  was  847,123  tons, 
und  the  total  amount  from  the  commencement  of  the  trade  in  1S20  waa 
20.000,000  tons  by  canal. 


Previous  to  the  year  1847  the  Lehigh  Company  obtained  all  the  coal 
which  they  sent  to  market  from  their  great  open  quarry  on  the  Manch 
Chunk  Mountain  at  Summit  Hill,  and  on  the  identical  spot  where  the 
"stoue-coai"  had  been  discovered  by  Philip  Ginter. 

This  celebrated  quarry  has  been  an  object  of  great  curiosity  to  thousands. 
It  was  a  scene  not  presented  by  any  of  the  mining  districts  of  the  .world ; 
for  here  a  single  vein  of  coal  reached  the  enormous  maximum  thickness  of 
seventy  feet,  or  equal  to  the  workable  thickness  of  the  entire  formations  of 
tJie  richest  coal-fields  of  the  Old  World. 

Here  the  coal 'was  not  mined  in  the  ordinary  manner,  but  quarried  in 
the  daylight  from  an  uncovered  face  of  coal  that  would  average  50  feet  in 
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perpendicular  height  This  quarry  has  been  abandoned  since  1847.  The 
ezcayation  or  place  formerly  occupied  by  the  quarry  will  cover  an  area  of 
30  or  40  acres,  and  the  amount  of  coal  shipped  from  the  quarry  probably 
exceeds  2,000,000  tons.  In  1840  the  amount  excavated  was  30  acres,  or 
1,100,000  tons. 

THE  FIB8T  BAILWAT. 


The  pni  railroad  of  any  note,— except  a  short  one  of  three  miles  at 
Quincy,  Massachusetts, — in  this  country,  was  constructed  from  Manch 
Chunk  to  the  Summit  Mines,  a  distance  of  nine  miles,  in  1827.  This  was 
and  is  a  gravity  road,  having  a  descent  from  the  mines  to  the  river  of 
about  100  &et  per  mile.  At  first  the  mules  which  hauled  back  the  trains 
rode  dawn  with  the  coal  in  a  car  constructed  fisr  the  purpose,  and  could  not 
be  forced  to  walk  down  after  having  enjoyed  the  luxury  of  riding.  By 
this  novel  contrivance  two  and  a  half  trips,  or  40  miles  per  day,  could  be 
aeoomplished.  An  improvement,  however,  was  subsequently  adopted,  and 
stationary  engines  fixed  at  each  terminus  of  the  track,  fay  whidi  the  empty 
cars  were  drawn  to  the  summit  of  the  mountain  and  returned  again  to  the 
mines  by  gravity.  In  1831  a  locomotive  road  was  constructed  to  the 
pusfmrn  extremity  of  the  company's  mines  at  "jBoom  JRim,"  where  14 
sauna  were  developed  in  1830,  widi  an  aggregate  of  240  feet  of  ooaL* 

Lt  1837  the  Lehigh  &  Susquehanna  Bailroad  was  commekiced,  from 
White  Haven  to  the  Wyoming  Valley,  a  distance  of  nearly  20  miles. 
This  road  was  completed  about  1846.  The  first  shipment  appears  in  1846, 
of  6886  tons. 

The  Beaver  Meadow  Railroad,  opening  out  the  Beaver  Meadow  basin^ 
and  the  Hazleton  Railroad  to  the  Hazleton  basin,  were  in  operation  in 
1840 ;  the  Buck  Mountain  Company's  road  was  nearly  ready  for  operation 
in  the  same  year. 

The  Lehigh  Valley  Bailroad  was  opened  in  1855,  transporting  9003 
tons  of  coal,  and  during  1864,  1,295,419  tons;  the  total  amount  shipped 
from  the  Lehigh  region  by  both  canal  and  railroad  during  the  same  year 
was  1,928,706  tons. 

Note. — The  original  "Coal  Mine  Company**  leased  in  1817  their  whole  property  and  priyi- 
leges  to  Messrs.  White,  Hazzard  &  Co.  for  20  years,  at  an  annual  rental  of  one  ear  of  com! 
but  they  were  bound  to  deliTer  for  their  oum  benefit,  40,000  bushels  of  coal  annually  in  Phila- 
delphia. These  gentlemen  formed  their  interests  into  a  stock  company, — ^the  Lehigh  Coal 
Company, — and  also  organized  the  Lehigh  Navigation  Company^  afterwards  amalgamated  as 
the  Lehigh  Navigation  and  Coal  Company,  and  subsequently  changed  to  the  Lehigh  Coal  and 
Navigation  Company, 

The  stock  of  the  old  "  Coal  Mine  Company"  was  bought  up  by  the  new  organisation. 
At  first  the  shares,  representing  fiftieth  part^  of  the  whole  property,  were  bought  at  $150 

*  These  14  Teins  are  really  but  7,  being  the  north  and  south  dips  of  the  same  basin : 
consequently,  they  are  counted  in  this  estimate  twice. 
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per  sharo ;  the  laet  brought  $2000  per  shftre.  The  Lehigh  stock  h4e  generally  stood  high 
in  market.  It  depreciated,  however,  20  per  cenL  when  the  workmen  reported  thej  hftd 
found  the  bottom  of  the  coal  at  60  feet. 


THE  SCHXTYLEILL  REGION. 

In  point  of  prominence  and  present  development  the  Schuylkill  region 
is  the  most  important,  and  has  more  claims  to  the  attention  of  the  historian 
than  either  of  those  before  mentioned,  since  in  connection  we  must  aI?K) 
include  the  history  of  the  Mahanoy  r^ion,  as  an  off-shoot  or  consequent 
result  of  the  development  of  this.  But  in  a  consecutive  detail  of  events 
it  is  of  course  best  and  proper  to  relate  them  in  the  order  of  their  occur- 
rence, as  we  have  attempted  to  do,  and  thus  for  the  first  time  presented 
to  our  readers  a  reliable  historical  account  of  the  order  in  which  our  coal- 
fields have  been  developed. 

The  first  traditional  account  we  have  of  the  discovery  of  coal  in  the 
Schuylkill  region  is  about  1790,  when  Nicho  Allen,  a  noted  hunter  and 
somewhat  notorious  character,  who  lived  on  the  Broad  Mountain  at  the 
'^  Black  Cabin^'  or  Big  Spring,  discovered  stone-coal  at  the  loot  of  the 
Broad  Mountain  about  the  period  of  which  we  write.  No  written  account 
of  his  discovery  has  ever  come  to  our  notice,  though  we  have  often  heard 
the  traditional  account.  Some  ten  years  ago  we  commenced  to  gather 
material  for  a  work  of  the  kind  we  are  now  writing,  though  drcumstanoes 
prevented  their  use  at  the  time,  but  we  find  them  now  available. 

We  will  be  as  brief  as  possible,  though  we  have  no  doubt  our  readers 
will  be  interested  to  know  every  incident  and  event  relating  to  the  early 
discovery  and  development  of  our  celebrated  and  invaluable  coal-fields. 

Tradition  says  that  Nicho  Allen,  alias  the  "  Black  Yankee,**  discovered 
stone-coal  during  one  of  his  hunting  expeditions,  in  the  following 
manner.  Allen  had  camped  for  the  night,  which  he  frequently  did,  under 
the  shelter  of  some  overhanging  rocks  and  trees,  the  precise  locality  of 
which  is  not  mentioned ;  but,  having  built  a  fire  on  some  fiiUen  rooks,  be 
stretched  himself  to  sleep  as  near  it  as  was  safe.  Some  time  during  the 
night,  when  the  wood  should  have  been  burned  to  embers,  leaving  the  fire 
low,  Nicho  was  surprised  to  be  awakened  by  more  heat  about  his  legs  than 
was  comfortable;  but  he  was  astonished,  on  rubbing  his  eyes  and  his  shins, 
to  find  the  rocks  a  glowing  mass  of  fire,  and  the  mountain,  as  he  supposed, 
in  danger  of  being  consumed. 

This  appears  to  have  been  Allen's  first  experience  with  stone-coal.  In 
the  morning  he  found  the  rocks  were  black  and  shining,  and  corresponding 
to  the  description  he  had  heard  of  stone-coal;  he  consequently  congratu- 
lated himself  on  his  discovery,  having  such  ocular  demonstrations  of  its 
value  as  a  fuel,  and  during  the  many  years  that  followed,  before  the  virtue 
of  anthracite  was  fully  recognized  by  the  doubtful  and  unappreciative 
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iblio,  Nioho  Allan  was  its  firm  and  atead&st  advocate.    Bat,  like  mort  of 
loae  early  piooeers,  he  did  not  appear  to  liave  profited  mooh  by  dwooveiy 


The  last  ve  heard  of  him  was  on  the  oocaaion  of  his  death;  whidi,  if  we 


iivtake  not,  waa  in  an  attempt  to  cross  the  Mahanoy  on  a  blender  foot- 
Ixidge  or  log,  during  a  heavy  flood,  vrhai  he  fell  off  and  was  drowned 
Wore  asBistance  could  reach  him. 
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He  had  removed  back  to  his  Dative  State  in  New  England,  in  diagost 
with  his  success  at  coal-mining;  but,  having  acquired  a  property  in  the 
Mahanoy  Valley,  the  accident  we  have  just  related  occurred  while  he  was 
on  a  temporary  visit  here  to  look  after  it. 

Such,  we  believe,  were  the  facts,  as  correctly  as  they  are  generally  given 
by  tradition.  Several  versions  of  the  same  story  were  told  by  the  aasodateB 
of  Allen,  but  they  are  all  substantially  the  same.  We  have  no  doubt  but 
this  incident  attracted  attention  at  the  time,  and  was  the  first  information 
we  possess  of  the  discovery  of  anthracite  ooal  in  the  monntains  of  the 
Schuylkill,  which  led  to  practical  results. 

The  next  notice  we  find  of  the  use  or  existence  of  anthracite  ooal  in  the 
Schuylkill  region  is  in  the  Transactions  of  the  ^^Coal  Mining  Association 
of  Schuylkill  County,"  in  which  it  is  stated  that  a  blacksmith,  by  the  name 
of  Whetstone,  used  it  in  his  smithery  about  the  year  1795.  His  success 
induced  several  others  to  dig  for  coal,  and,  when  found,  to  attempt  to  bum 
it;  but  the  difficulty  was  so  great,  they  gave  up  in  disgust  We  have  no 
doubt,  as  before  stated,  that  one  chief  cause  of  their  fidlure  was  owing  lo 
their  ignorance  of  the  difference  between  coal  and  slate.  It  is  reasonable 
to  8up^K)se  that  our  primitive  miners  (?)  had  but  small  experience  in  diis 
matter,  and  that  they  dug  all  their  coal  from  the  imperfect  outcrops  of  the 
scams. 

About  the  year  1800,  we  learn  from  the  same  source,  a  Mr.  William 
MoiTis,  who  owned  a  large  tract  of  land  near  Port  Carbon,  procured  a 
wagon-load  of  coal,  we  suppose  from  his  own  land,  and  took  it  to  Phila- 
delphia ;  but  he  was  unable  to  bring  it  into  notice,  or  induce  the  houe^ 
Quakers  to  buy  his  rocks,  any  more  than  his  successors  in  the  trade  from 
the  Lehigh.  He  returned,  sold  his  lands,  abandoned  his  plans,  and  retired 
from  the  business  in  disgust.  The  coal-trade  of  the  Schuylkill  did  not 
revive  from  this  shock  until  1806:  But  about  this  time  coal  was  found 
in  cutting  the  tail-race  of  the  Valley  Forge,  on  the  Schuylkill.  It  wa« 
tried  by  David  Berlin,  a  blacksmith  of  the  neighborhood,  with  complete 
success:  they  had  stumbled  on  some  good  coalj  and  from  that  time  stone- 
coal  grew  into  repute  among  the  smiths  of  the  Schuylkill,  as  it  had,  long 
before,  grown  in  favor  with  the  Vulcans  of  Wyoming  and  the  Susquehanna. 

In  1812,  Col.  Greorge  Shoemaker,  of  Pottsville,  loaded  nine  wagons  of 
coal  from  his  mines  at  Centreville, — a  locality  now  abandoned,  on  the  main 
turnpike  road  from  Pottsville  to  Ashland,  and  about  a  mile  from  Potts- 
ville,— and  with  these  proceeded  to  Philadelphia,  hoping  to  find  a  market. 
But  the  experience  of  the  Philadelphians  with  anthracite  or  stone  cobI 
was  very  unfavorable  at  that  period ;  the  frequent  and  persistent  attempts 
to  impose  rocks  on  them  for  coal  had  roused  their  indignation,  and  Col 
Shoemaker  was  denounced  as  a  knave  and  a  scoundrel ! 

Col.  Shoemaker  persisted,  however,  and  disposed  of  two  loads,  at  the 
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cost  of  transportation, — one  to  Messrs.  White  &  Hazzardi  of  the  Fair- 
mount  Nail  and  Wire  Works,  at  the  Falls  of  the  SchuylkiU,  and  the  other 
to  Messrs.  Mellon  &  Bishop,  of  the  Delaware  Cbuntj  BoUing-Mill.  The 
remaining  seven  loads  he  either  gave  away,  or  disposed  of  to  blacksmiths 
and  others  who  promised  to  try  it,  for  a  trifle.  But  the  colonel  was  not  to 
get  off  so  easily.  Though  he  lost  monqr,  time,  and  trouble  in  his  attempts 
to  introduce  a  fuel  which  has  since  made  Philadelphia  one  of  the  most 
wealthy  and  prosperous  cities  in  the  world,  the  veiy  men  to  whom  he  had 
given  his  coal  obtained  a  writ  from  the  authorities  of  tiiat  city  for  his 
arrest  as  an  impostor  and  a  swindler.  Col.  Shoemaker  was  forced  to  beat 
a  hasty  retreat,  and  only  saved  himself  from  persecution  and  ^^judux?^  by 
taking  a  wide  circuit  around  the  Quaker  City  on  his  way  home. 

In  the  mean  time,  Mr.  White,  who  was  anxious  to  succeed  in  burning 
this  coal,  and  some  of  his  men,  spent  a  whole  morning  in  trying  to  ignite 
it  and  raise  a  heat  in  one  of  their  furnaces.  They  tried  every  possible 
expedient  which  skill  and  experience  in  other  fuels  could  suggest  They 
raked  it,  and  poked  it,  and  stirred  it  up,  and  Uew  upon  the  wrfcuse  through 
cpenrfumace  doors,  with  perseverance  and  persistent  determination,  but  all 
to  no  purpose.  Col.  Shoemaker's  rocks  would  not  bum,  and  the  attempt 
was  abandoned.  But  dinner-time  had  anived,  and  the  men  shut  the 
furnace-doors  in  disgust,  heartily  tired  of  the  stones,  or  stone-coal,  if  such 
it  was. 

B^tuming  from  dinner  at  the  usual  time,  all  hands  were  astonished  at 
the  phenomenon  which  they  beheld.  The  furnace-doors  were  red-hot,  and 
the  whole  furnace  in  danger  of  being  melted  down  with  a  heat  never  before 
experienced.  On  opening  the  doors,  a  glowing  mass  at  white-heat  was 
discovered.  So  hot  a  fire  had  never  been  seen  in  the  furnace  before. 
From  this  time  anthracite  or  stone-coal  found  friends  and  advocates  in 
Philadelphia,  and  the  motto  '4et  it  alone''  became  a  receipt  for  its  use 
rather  than  its  abuse. 

Messrs.  Mellon  &  Bishop  also  succeeded,  about  the  same  time,  in  using 
suooessfully  the  load  of  coal  they  had  obtained  from  Col.  Shoemaker;  but 
it  appears  evident  they  took  the  hint  from  the  motto  adopted  at  the  Falls 
of  the  Schuylkill,  and  acted  accordingly. 

The  result  of  these  successes  got  into  t^e  papers,  and  the  press,  as  usual, 
soon  gave  it  reputation.  Everybody  knew  stone-coal  was  coal,  as  soon  as 
somebody  proved  it  such. 

In  1814  the  Schuylkill  Navigation  was  projected,  and  so  far  completed 
ui  1822  that  1480  tons  of  coal  were  sent  down;  but  not  until  1826  was  tlus 
navigation  in  a  condition  to  pass  boats  to  and  from  Pottsville  and  Phila- 
delphia; and  in  the  mean  time  the  coal-trade  of  the  Lehigh  had  been 
opened,  mainly  through  the  exertions  of  Messrs.  White  &  Hazzard,  who 
devoted  their  time  and  their  means  with  the  most  determined  perseverance 
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to  wlint  wns  tlien  a  herculean  task,  and  be&et  with  difficulties  and  risks  of 
the  most  furmidable  character. 

Though  a  small  quantity  of  coat  was  sent  dovn  the  Schuylkill  Nav^ 
tion  each  year  from  1822,  it  was  not  until  1825,  when  6&00  tons  were  soit 
down,  tliat  we  can  (airly  date  the  commencement  of  the  tmde  from  tbii 
region.  From  that  time  it  has  increased  rapidly,  and  in  the  year  I860, 
1,356,688  tons  were  transported  over  the  canal  alone.  It  was  not  until 
1841  that  the  Reading  Railroad  was  open  to  the  coal-trade,  and  860  tons 
transported  over  it  to  market.  Last  year,  or  1864, 3,066,677  tons  went  over 
this  railroad  to  Port  Ricltmond, — the  shipping-point  on  the  Delaware. 

The  Srst  attempts  to  mine  coal  were  rude  and  simple.  A  shaft  or  pit 
was  sunk  a  few  feet  on  the  outcrops  of  a  seam,  and  the  coal  raised  bj 
fncnni*  of  a  common  hand  windlass.  It  was  sold  to  smitlis  and  othen  in 
lie  vicinity  at  twen^-five  cents  per  bushel,  or  ahout  $6  per  ton.  Snbsft- 
quently,  or  about  1823,  aa 
improvement  was  made  by 
substituting  horse-power,  and 
gins,  or  "  horse-whims,"  for 
the  windlass.  Wh«i  the  diaft, 
or  works,  became  from  30  to 
00  foet  deep,  and  the  water 
troublesome,  tlie  establishmeat 
was  removed  and  a  new  shaft 
started.  Ko  system  was  par- 
saed  in  mining  the  coal,  bat  < 
all  within  easy  reach  at  tk 
bottom  of  the  shaft  was  ex-  ! 
tracted.  And  the  place  aban- 
doned to  fill  with  water;  wWcb 
afterwanls  proved  a  source  rf 
expen.<!c,  annoyance,  and  danger  to  mining  operations  in  the  vidni^. 

Drifts  had  been  run  in  on  the  level  of  the  veins  at  an  early  date,  when 
tlie  diwiovery  of  coal  happened  to  \>e  at  localities — at  the  foot  or  on  the 
side  of  a  hill — where  this  mode  was  applicable.  The  coal  was  tlwo 
Imiujrlit  out  in  wheelbarrows. 

It  wiw  not  until  1827  that  rails  wore  used  in  the  mines;  wid  op  to  1829 
llii'  iiMil  wan  cnrfed  over  common  mud-roads  from  the  mines  to  the  canal* 
'I'hin  ywr  711,073  tons  were  shipped. 

Aliruimm  I'dtt,  of  Port  Carbon,  was  the  first  to  build  a  model  nulroo^ 
ill  thiM  ri'ginn.  It  led  from  his  mines  to  the  canal,  a  distaaoe  of  half* 
Diil*>,  Hmm  aft(>r,  the  Mill  Creek  Railroad  was  bnilt  from  Fort  Carbon  U 
the  Itrtwl  Mountain,  above  the  present  town  of  St.  Clur.  The  d 
II  about  thriMj  miles.     The  cost  was  $5000.     This  was  in  1829 
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The  Schuylkill  Valley  Boad  was  completed  in  1831,  and  extended  from 
Port  Carbon  to  Tuacarora,  a  distance  of  10  miles;  cost,  $63,000. 

The  Norwegian  &  Mt  Carbon  Boad  was  finished  daring  the  same  year. 
It  extended  from  Mt  Carbon  to  the  forks  of  the  Norwegian,  about  one 
mile,  then  branched  up  the  east  atid  west  forks  of  that  stream  to  Oak  Hill 
on  the  west  and  \yadesville  on  the  east  Length  of  road,  between  five 
and  six  miles ;  cost,  $97,000. 

The  next  constructed  was  the  Mine  Hill  &  Schuylkill  Haven  Boad; 
length,  11  miles,  or,  with  the  west  branch,  15  miles,  and  costing 
$182,000. 

The  Little  Schuylkill  Bailroad,  from  Port  ainton  to  Tamaqua,  22 
miles,  was  in  course  of  completion  in  1833.  It  was  designed  as  a  loco- 
motive road,"*"  but  was  not  used  as  such  until  some  years  subsequent  The 
total  cost  of  double  track  was  estimated  at  $260,000. 

A  fiiir  price  for  coal  delivered  in  Philadelphia  was  estimated  in  1833  at 
$5  per  ton;  thus: — 

Delivered  in  boats  at  Port  Carbon $2.60 

Toll  on  canal 1.00 

Freight  to  Philadelphia 1.50 

$5.00 

The  growth  of  the  coal-trade  in  the  Schuylkill  region  was  very  rapid 
after  the  introduction  of  railroads,  and  increased  from  79,973  tons  in  1829 
to  839,934  in  1844.  The  introduction  of  the  steam-engine  for*  hoisting 
and  pumping  at  the  mines,  which  had  now,  in  many  cases,  been  carried 
below  water-level,  also* added  to  the  facilities  of  mining.  iThe  first  steam- 
eagine  was  erected  at  the  Delaware  Mines  in  1836. 

In  1844  there  were  twenty-two  collieries  under  water-level,  at  which 
tiiere  were  twenty-eight  steam-engines,  with  an  aggregate  of  1100  horse- 
power, engaged  in  hoisting  coal  and  draining  water.  In  addition,  there 
were  thirteen  smaller  engines  erected  during  1844  for  the  purpose  of 
breaking  and  cleaning  coal,  in  connection  with  the  Batten  Coal-Breaker, 
which  had  just  been  introduced.  These  increased  the  aggregate  horse- 
power to  1278.t  The  first  coal-breaker  erected  was  by  Mr.  Gideon  Bast, 
on  AVolf  Creek,  near  Minersville.     It  was  driven  by   a  twelve-horse 

*  The  first  locomotive  used  in  this  country  was  on  the  Carbondale  &  Honesdale  Railroad, 
^(longing  to  the  Delaware  k  Hudson  Canal  Company,  in  1828.  It  was  designed  to  conyej 
^^e  coal-cars  of  this  company  from  their  planes  to  the  Lackawaxen  and  return,  but  was 
^oond  too  heaTy  for  their  lightly-built  road.  All  the  railroads  of  that  period  were  built  of 
^ood,  and  strapped  with  light  plate-rails.  We  do  not  remember  cast-iron  tram-rails  as 
osed  to  any  extent  at  the  anthracite  mines. 

t  For  the  aggregate  horse-power  during  1 864,  we  refer  to  the  Tables  in  the  Appendix. 
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engine,  and  was  capable  of  breaking  and  cleaning  200  tons  of  coal  per 
day,^-or  equal  to  the  labor  of  from  50  to  60  men  per  day.  At  present, 
our  large  establishments  are* capable  of  preparing  from  500  to  1000  tons 
per  day. 

The  first  successful  use  of  anthracite  in  this  country  for  the  purpose  of 
smelting  iron  was  made  in  1839,  at  the  Pioneer  Blast  Furnace,  in  Potts- 
ville.  This  furnace  was  built  by  Mr.  William  Lyman,  of  Boston,  about 
the  time  or  soon  after  the  successful  use  of  anthracite  by  Mr.  George  Craue, 
of  the  Gnyscedlyn  Iron  Works,  in  South  Wales. 

The  Pioneer  furnace  was  then  managed  by  Mr.  Lyman  and  Benjamin 
Perry,  assisted  by  Mr.  David  Thomas,  who  has  since  been  so  remarkably 
successful  on  the  Lehigh  in  the  production  of  anthracite  iron. 

In  1826  an  attempt  was  made  on  the  Lehigh  to  use  anthracite  in  the 
blast  furnace,  but  &iled,  as  all  those  early  attempts  did,  simply  for  the 
want  of  a  hot  blast,  as  there  has  been  no  difficulty  since  its  application  in 
the  production  of  pig  metal  with  anthracite  coal.  But  in  1839,  soon 
afler  the  successful  result  of  the  Pioneer  furnaces,  Messrs.  Baughman, 
Ginteau  &  Co.  started  the  Mauch  Chunk  furnace,  but  it  did  not  continue 
long  in  operation. 

The  number  of  anthracite  furnaces  in  operation  during  1860  was  121. 
The  production  of  iron  in  1840  was  287,000  tons ;  in  1860  it  had  increased 
to  884,474  tons.*  In  1840  the  number  of  furnaces,  principally  charcoal, 
was  804 ;  but  in  1860  they  had  decreased  to  580,  of  which  only  416  were 
charcoal. 

MIDDLE  COAL-FIELD. 

The  western  end  of  the  middle  coal-field,  or,  as  it  is  called,  the  Shamokin 
r^ion,  was  not  practically  developed  until  1839,  on  the  completion  of  the 
railroad  from  Sunbury  to  Shamokin,  during  which  year  11,930  tons  were 
shipped;  but  in  1864  the  Shamokin  trade  had  increased  to  333,478  tons. 
Of  the  early  history  and  d^elopment  of  this  region  we  have  but  littk 
information.  We  may  mention,  however,  that  the  existence  of  coal  in  the 
middle  field  must  have  been  known  at  an  early  day,  as  '^  coal"  is  marked 
in  this  locality  on  Scul's  old  map  of  Pennsylvania,  and  on  Faden's  Atlas 
of  North  America,  as  early  as  1770-7. 

The  eastern  end  of  the  middle  coal-field  is  known  as  the  Mahanoy  r^on,' 
and  is  of  late  development.  The  first  coal  was  shipped  from  the  Mahanoy 
Valley  over  the  mine  plains  and  railroad  in  1855,  but  so  rapid  has  been 
the  increase  that  in  1864  1,501,518  tons  were  shipped  over  the  four  rail- 
road lines  that  now  offer  outlets  to  the  coals  of  this  rich  valley. 

*  For  later  reports,  see  Tabular  Statement  in  Appendix. 


CUMBEBLAKD  COAJj-PimJb. 


AREA   AND   PEODDCTION   OP   THE   ANTHRACITE   COAL-FIELDS. 


Wyoming  or  Northern  Coal-Fleld.. 

Middle  Coul-Field,  ShuinokiD  Re^i 

"  "  Mnlmnoj  R«gi< 

Lehigh  Basins 

Southern  or  Schuylkill  Coal-Ficld. 
Total , 


CUMBERLAND   COAL-FIELD,  MAKYLAKD. 

We  will  merely  notice  in  this  coDnection  the  Cumberland  trade,  in  order 
to  give  the  date  of  ita  development. 

The  first  appearance  we  find  of  the  Cumberland  ooal  in  market  is  in 
1820,  when  70,000  bushela  were  sent  down  the  Potomac  in  baizes  or  arks; 
but  the  opening  of  the  Cumberland  eoal-trade  commenced  in  1842,  when 
tLere  were  shipped  over  the  Baltimore  &  Ohio  Railroad  1708  tons.  We 
find  no  shipments  by  the  Chesiix>eakc  &  Ohio  Canal  until  1860,  when 
3042  tons  were  transported  over  that  line. 

The  prodnetion  of  the  Cumberland  region  was  657,996  tons  in  1864, 
and  the  total  amount  produced  to  the  same  date,  8,446,li29. 


OTHER   COAL-FIELDS. 

It  is  impossible  to  give  a  connected  statement  of  the  early  history  and 
development  of  oar  Western  bituminous  coal-fields,  generally.  The  area 
is  80  extremely  extensive,  and  the  localities  so  remote,  and  their  historiee  ao 
difluse  and  uncertain,  that  nothing  useful  or  instructive  cwild  be  gained  hf 
the  attempt.  We  will,  however,  give  all  that  may  be  found  valuable  or 
interesting  in  connection  with  developed  or  prominent  localities  onder  tbe 
local  heads  farther  on. 

We  may  be  safe,  however,  in  stating  the  coal-production  of  the  WeSt  t» 
be  fully  10,000,000  tons  per  annum.  The  only  return  we  have  is  a 
partial  statement  for  1860: — 

WESTERN  COAL-PRODTOTS  IN  1B60. 

Pennaylvaiiia 66,994,332  buabelB. 

Ohio 28,339,900      " 

IllinoiB 25,000,000       " 

Indiana 15,000,000       " 

Virginia 10,000,000      « 

At  30  bushels  to  the  ton 145,334,232      "      or  4,844,474  tons. 
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The  products  of  other  coal-producing  Western  States  not  inoladi 
the  above  estimate  will  swell  the  amount  above  6,000,000  of  tons, 
conl-product  of  the  West  has  also  largely  increased  since  1860.  In 
the  Monongabela  Navigation  Company  alone  sent  35,070,917  bushi 
market,  an  increase  over  1863  of  8,626,665  bushels.  In  1846 
4,605,186  bushels  were  sent  over  this  line. 


i^^a^i"; 
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CHAPTER  VII. 

CX)AL-FIELDS  07  OBEAT  BBTTAIK. 

Variety  and  Character  of  Coal — Cannel,  Bltuininoiis,  Anthraeite— Britltli  Coal-FleldB — 
Areas — Thickness  of  Coal  and  Coal  Measures — Great  Northern  Coal-FIeU— Extent-* 
Monk-Wearmoath  Pit — Permian  Strata — New  Red  Bandstene—WsAer— Immense  Cost  of 
Sinking — Dikes,  Faults,  and  Errors — ^Natural  Coke— Lower  Coal -Beds— Coal-Seams— 
High  Main — Low  Ifain— East  Somerset  Thin  Seama— Cost  of  Mining— Total  Production 
of  the  Newcastle  Coal-Mines — ^Names  of  Operators  and  Collieriea— Production  per  Head 
—South  Wales  Coal-Field— Anthracite— Production— Uses— Noith  StaiTordshira  Coal- 
Field—**Potteries"—Iron-8tonfr<-Fire-Cla7s— "Punch  and  TUrl**— Longwall— Coal- 
Fields  of  France— Production  of  Coal  and  Iron— Coala  of  Belgiiisi— Other  European 
Coalfields. 

YABIETT  AND  CHARACTEB  OF  COAL. 

The  owb  of  the  CSariboniferoos  en^  or '' trae  ooi^ 

oiJlfid,  may  be  grouped  imder  several  heads,  or  nameB  ^— Cbimeli  Bitumi- 

Semi-BitaminouSy  and  Anthracite.    Oumel  ia  a  remarkaUe  variety, 

kinds  being  called  ''panet^  in  Sootiand,  and  spIintHXMd  in 

"England  and  oor  Western  coal-fields. 

CSannel  contains  from  40  to  60  per  cent  of  volatile  matter,  and  the  pro* 

portion  of  carbon  varies  to  the  same  extent.    It  takes  fire  like  a  caDdle, 

bams  readily,  and  gives  out  much  flame  and  smoke.    The  ash  varies  from 

4  to  10  per  cent.    This  is  generally  considered  the  best  gas  coal,  since  it 

produces  large  quantities  and  of  a  remarkably  pure  quality.    It  is  found 

extensively  in  the  Scotch  coal-fields,  and  also  exists  to  a  limited  extent  in 

»    the  Newcastle  district';  in  the  Wigan  portion  of  the  Lancashire  coal-field, 

^d  in  the  Yorkshire  and  Derbyshire  coal-fields. 

Cannel  coal  passes  into  jet  and  asphaltum.    It  may  be  worked  .into 

ornaments,  but  is  brittle  and  not  veiy  hard.  The  seams  are  generally  thin, 

though  there  are  important  exceptions.    The  coal  of  the  Mons  basin, 

Belgium,  seems  to  be  of  this  kind.     Cannel  exists,  to  a  great  extent,  in 

^^^  Western  coal-fields,  of  the  richest  and  purest  variety. 

Cannel  is  a  bituminous  coal,  but  difiering  so  much  firom  our  common 

*^minous,  that  it  seems  more  appropriate  to  designate  them  by  difierent 

'^^.    Common  bituminous  contains  less  volatile  matter,  and  may  be 

^4  to  yield  from  50  to  75  per  cent,  of  carbon,  and  the  semi-bituminous 

*^ni  75  to  90  per  cent,  of  carbon. 

The  rich  caking,  or  coking,  coals  of  Northumberland  and  Durham 

contain  from  60  to  70  per  cent,  of  cart)on,  and  fipom  2.50  to  5  per  cent,  of 
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ash;  while  the  average  yield  of  the  Newcastle,  or  the  Great  NortherD, 
coal-field,  is  &om  70  to  76  per  cent  of  carbon.  The  variety  known  as 
'^household  coaF'  contains  the  largest  amount  of  carbon,  and  those 
known  as  steam  and  gas  coals  the  smallest  amount  of  carbon,  and,  of 
course,  the  largest  amount  of  volatile  matter.  The  following  analysis 
gives  the  approximate  or  average  percentage  of  those  coals,  as  presented  on 
the  authqrity  of  the  North  of  England  Institute  of  Mining  Engineers. 


Household.  Gu.  Steun.  Coking. 

Carbon 71.81  68.11  60.59  70.72 

^°*®^ABhes 58  .95  1.01  2.21 

Gaseous  products 27.61  30.94  38.40  27.07 

100.00  100.00  100.00  100.00 


{ 


The  coking  coal  of  this  district  leaves  a  red  ash  in  an  open  fire,  and 
requires  to  be  deprived  of  its  volatile  matter  before  being  exposed  to  a 
strong  blast,  owing  to  its  tendency  to  cake  or  cement  together  in  H  solid 
mass,  and  thus  prevent  a  free  draught  through  the  grate  or  furnace  in 
which  it  may  be  used. 

The  coals  of  Staffordshire,  Yorkshire,  Derbyshire,  Lancashire,  North 
Wales,  and  many  other  districts,  contain  as  much  or  more  bituminous 
matter  than  those  of  Northumberland  and  Durham,  but  they  do  not  cake 
or  coke  as  well,  and,  consequently,  may  be  used  to  a  greater  extent  without 
coking.  On  account  of  its  superior  coking  qualities,  nearly  half  of  the 
enormous  coke  production  of  Great  Britain — 6,000,000  tons — is  made 
from  the  coals  of  the  Great  Northern  coal-field.  The  coals  of  those  dis- 
tricts named  above  burn  freely,  with  much  flame,  and  give  out  great  heat 
but  they  are  considered  inferior,  for  hoasehold  as  well  as  coke-making 
purposes,  to  the  coals  of  the  last-named  field.  They  yield  from  60  to  70 
per  cent,  of  carbon,  and  from  25  to  45  per  cent,  of  volatile  matter,  with 
about  5  per  cent,  of  ash,  which  is  often  white.  Most  of  the  coab  of  the 
inland  counties  show  the  presence  of  argillaceous  earth  by  the  white  lines 
on  the  edges  of  the  beds,  and  are,  therefore,  less  adapted  to  general  use 
than  the  Newcastle  coals;  but  many  of  them  are  of  excellent  quality. 

Next  in  order  to  the  coals  of  the  midland  counties  are  those  of  North 
and  South  Wales,  which  contain  a  larger  percentage  of  carbon  generally 
than  the  coals  named  above,  and,  of  course,  less  volatile  matter  and  bitu- 
men. They  burn,  however,  freely,  with  but  little  smoke  or  residue,  and 
are  peculiarly  adapted  for  steam  purposes  and  the  manufiicture  of  iron,  or 
where  a  strong  blast  is  required.  This  character  of  coal  is  as  extenmvely 
distributed  as  the  coals  before  mentioned,  and  is  found  extensively  in 
America,  at  Pittsburg  in  Pennsylvania,  Ohio,  Maryland,  and  elsewhere. 
It  is  also  found  and  mined  to  some  extent  in  France,  Belgium,  Saxony, 
and  Austria. 
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The  last  Tandy  among  die  tnie  ooals  is  andmunte,  which  oonsiatB  almost 
ezdomvelj  of  carbon.  This  is  a  non-bitaminoos  coal,  as  the  steam-coal  is 
a  aemi-bitominoos.  We  do  not  generally  apply  the  term  semi-bituminoos 
in  this  coontrj  to  the  bituminous  steam-coals  of  Cumberland  and  Bloes- 
bnrg,  or  those  of  the  eastern  limits  of  the  great  Alleghany  coal-field;  but 
ihey  are  nevertheless  as  genuine  a  semi-bituminous  as  the  coals  of  Broad 
Top  or  Sullivan  county. 

Anthracite  coal  contains  firom  80  to  95  per  cent  of  carboui  with  a  small 
amount  of  ash  generally,  and  sometimes  a  limited  percentage  of  volatile 
matter.  The  anthracites  are  heavier  than  common  coal;  and  take  fire  with 
difficulty,  but  bum  with  intense  heat  when  fiilly  ignited  under  a  strong 
draft.  This  coal  is  found  abundantly  in  South  Wales  and  in  Penneylvaniay 
and  also  exists  in  the  south  of  Ireland,  in  France,  Saxony,  and  Bussia. 

The  use  of  this  coal  is  greatly  on  the  increase,  though  of  late  develop- 
ment It  is  adaptable  to  a  variety  of  purposes,  but  its  chief  use  of  late 
years  has  been  for  the  manufiwHiue  of  iron  and  for  steam  purposes  gene- 
rally, in  the  vicinity  of  its  production.  It  was  used  exclusively  by  our 
war-steamers  during  the  Bebellion,  with  the  exception  of  our  gunboats  on 
the  Western  rivers.  This  coal  is  generally  lustrous,  with  a  bright,  shining, 
irrqpodar  or  conchoidal  firacture;  hard,  dense,  and  tenacious,  or  without 
fiactnre  during  combustion,  but  sometimes  brittle  and  finable  under  a 
strong  heat,  and  not  available  fiur  use  in  the  blast  fiirnace* 
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CoQOtrlet  Slid  Claniflefttioni. 


Fat  bitumin- 
ous adhesiye 
coal.  The 
greater  part 
close- burn- 
ing or  strong 
burning  blaz- 
ing coals. 


II. 

Dry  coals, 
not  adbesiTe ; 
open-burning 
coals. 


America. 

England. 
«« 

<« 

II 

II 

II 

II 

II 

II 

France. 


II 


II 
Scotland. 


(I 
II 
II 
it 


IioOkUtiM  of  OoaL 


W.  Pa.,  Ohio,  Va.,  and  Illinois... 

Ne  woastle-on-Tyne,  Bert  ley 

Northumberland,  Tyne  Works.... 

Staffordshire,  Apdale  Works 

Wednesbury 

Derbyshire,  Butterly,  Cherry 

Codner  Park,  Soft  Coal 

Lancashire  Cannel  Conl 

Scotch,  Lismahago 

Derbyshire,  Morley  P.  K. 

Auxin « 


RiT.  de  Gier 

St.  Etienne 

Clyde,  Splint  Coal 

«      Clod  Coal,  richest. 

"      near  Glasgow 

Calder 

Monkland 


• 

g 

By  whom 

Jl 

1 

analyzed. 

1 

52.0 

44.0 

Berthier. 

60.6 

85.6 

II 

67.6 

80.0 

II 

62.4 

84.1 

II 

67.6 

80.0 

II 

67.0 

40.0 

i« 

61.6 

45.5 

Earsten. 

66.0 

88.5 

Mushet. 

89.4 

56.6 

II 

45.0 

45.0 

Berthier. 

70.5 

25.0 

It 

66.6 

81.5 

Gniner. 

74.8 

24.2 

Mushet. 

69.0 

86.8 

II 

70.0 

26.5 

Berthier. 

64.4 

81.0 

CI 

61.0 

45.0 

II 

56.2 

44.4 

4.0 
4.0 
2.6 
8.5 
2.5 
8.0 
8.0 
6.6 
4.0 
10.0 
8.5 

2.0 
1.6 
4.2 
4.5 
4.6 
4.0 
1.4 


*  R.  C.  Taylor*8  Statistics  of  CoaL 
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TABU  07  THE  TABIETT  AND  CBABACTEB  OF  COAL.- 


Cuiinttin  *Dd  ClirtHiaHaB* 


UxaltOmalOoil. 


ir. 

SleKm-conli. 
Teryilrj.wilL 

boB.  OfeU' 
buminicseDii- 
bitutditioas. 


Belgiura. 
U.  SUUB. 


8.  Wales. 
U.  StateB. 


PeaBtylTanU,  PhDIpabnrg ... 

"  KarthauB 

Tirginia,  Blahmotid 

Dlinou,  OUawa 


Dowlals  Iron  Works ~ 

MerlbTT-Tf  diil 

Pen-jT'Daraa 

Aberdare 

Rbymnej  &  Tredegar  Work* 

Steam,  Pcmbrej  &  Llanslly 

Mons-Dour 

AUTCr^c,  Si.  Klipnac 

DaupbiD  counly.  Pa.,  Ballia  Run 

MarylaDd,  Ml.  SaTige 

Pernxjlvania,  Bloeaburg 

"  Broad  Top 

Neath  Talle;- 

Tital-j-ferr* 

Cwn-Neath « i... 

PallBTille,  PeniisylTania 

Blaok  Spring  Gap,  PenDsrlTania 

Maucb  Chunk,  PeDDBjlTaniB 

Sugar  Loaf,  "  

Rhodp  Inland,  FoHBlnoiith 

MaxfiiichiiBellK,  MannllcM 

Territory  of  Don  Coesacka 


Johnson. 
Jackson. 


BRITISH  COAL-FIELDS. 

The  coal-fields  of  the  British  Islands,  as  given  by  Dr.  Ure, — frcMn  whom 
some  of  the  foregoing  facts  are  obtained,  and  who  is  generally  very  oomct, 
-^re  more  extensive  than  the  areas  we  have  adopted. 

We  give,  however,  below,  an  interesting  table  from  his  works,  in  which 
it  will  be  observed  there  ia  considerable  difference  in  the  areas  as  given  by 
m  in  Chapter  V. 

The  area  of  the  South  Wales  coal-field  is  less  than  onr  computatiott ;  bot 
that  of  Ireland  ia  Sa  greater.  The  Irish  coal-fields  are  not  oonudentS 
valuable  or  productive  to  a  great  extent,  and  mining  operationa  are  ver^ 
limited,  owing  to  the  impurity  and  unproductiveneee  of  the  seams.  W& 
have  given  260  square  miles  of  available  coal  area  out  of  more  than  SX30O 
square  miles  of  coal  formation ;  and  this  amount  is  in  excess  of  that  pvax 
by  most  of  the  late  English  authorities. 

Our  estimate  of  the  coal  resources  of  Great  Britain  is  also  in  excess  of 
the  estimates  of  her  modem  engineers,  though  we  give  only  6195  square 
miles  of  productive  coal  area,  while  Dr.  Ure  gives  8800.    The  addition, 
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however,  of  200,000  acres  to  the  Sooth  Wales  coal-field  and  the  sub- 
traction of  1,690,000  acres  from  the  coal-fidids  of  Ireland  will  reduce 
Dr.  Ure's  estimate  to  about  the  proportion  we  have  adopted. 

Estimates  of  the  total  amount  of  coal  contained  in  a  given  area  are  by 
no  means  reliable:  there  are  so  many  circumstances  affecting  the  seams 
that  no  calculation,  without  a  practical  computation  of  the  amount  of  coal 
in  each  seam,  can  be  even  an  approximation  to  the  truth.  But  few  of  the 
coal-seams  underlie  the  whole  area  of  any  coal-field ;  some  of  them  are 
lost  or  become  valueless  in  the  deep  basins,  or  in  opposite  directions,  while 
dikes,  fikults,  and  other  interruptions  seriously  depreciate  the  amount  of 
available  coal,  and  erosion  or  denudation  affects  it  still  more. 

Much  discussion  has  taken  place  recently  in  r^ard  to  the  probable  dura- 
tion of  the  British  coal-fields  under  the  present  rate  of  production,  whidi 
is  not  likely  to  diminish,  since  it  has  steadily  increased  for  the  last  600 
years  or  more.  But  even  at  a  maximum  of  100,000,000  tons  per  year,  ' 
it  is  estimated,  by  good  authority,  that  the  supply  of  coal  in  the  British 
Islands  will  be  exhausted  within  300  years.  Mr.  Hull,  Sir  William  Arm* 
strong,  and  Prof.  H.  D.  Rogers,  now  of  the  University  of  Glasgow,  Scot- 
land, place  the  limit  at  212  years ;  while  Mr.  T.  Y.  Hall,  an  eminent 
Biining  engineer  of  the  north  of  England,  and  Mr.  Greenwell,  a  geologist 
of  the  same  district,  estimate  the  duration  of  the  Great  Northern  coal-field 
at  256  years,  under  a  production  of  20,000,000  tons  per  annum,  which  is 
less  than  the  present  production. 

Ko  coal-producing  country  is  so  thoroughly  developed  as  England, 

TABLE  OF  BRITISH  COAL-FIELDS.* 


Sunet  of  the  Principal  Coal-FieldB. 


1-  Northumberland  and  Durham 

*■•  Cumberland  and  Westmoreland  and 
West  Riding  of  Yorkshire..... 

^-  Lancashire,  Flintshire,  and  North 
Staffordshire 

*•  Yorkshire,  Nottinghamshire,  and  Der- 
byshire  

5-  Shropshire  and  Worcestershire 

5-  South  Staflfordshire « 

'•  Warwickshire  and  Leicestershire 

^-  Somernetshire  and  Gloucestershire.... 

9-  South  Wales  Coal-Field 

10.  Scotch  Coal-Fields 

li.  Irish  Coal-Field* 


?5 

^  . 

C  J 

Efltimated 

o  a 

M  a 

Thickest 

W  orkable 
Area,in  Acres. 

^1 

^•H 

Coal-Seam. 

o 
6 

|ol 

ie; 

^ 

500,000 

18 

80 

7 

99,600 

7 

17 

9 

550,000 

75 

150 

10 

651,500 

12 

82 

10 

79,954 

17 

40 

65,000 

11 

67 

40 

80,000 

9 

30 

21 

167,500 

50 

90 

7 

•600,000 

80 

100 

9 

1,045,000 

84 

200 

80 

»1,850,000 

9 

40 

6 

8000 
2000 
6000 
2100 

iooo 


5000 

12,000 

6000 


a  This  estimate  is  200,000  acres  less  than  we  have  given  elsewhere. 

b  This  is  1,690,000  acres  more  than  our  calculation  of  proUuctiye  coal  area. 

*  Dr.  Ure. 
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therefere  we  muat  adopt  the  later  GBtimatefl  aa  the  most 
oorrect  though  hu^lj  at  varianoe  with  the  eminent 
aathontiea  from  which  our  tables,  in  Chapter  Y.  wen 
compiled  But,  it  will  be  observed,  in  those  t^les  we 
simply  give  the  total  coal  areas,  total  thickoen,  and 
total  asBumed  amount  of  coal,  from  tha  data  thm 
lumished  withoat  deductions  for  dikes,  &nltB,  waste, 
pillars  &C.;  and,  moreover,  we  calcuhited  the  pro- 
duction of  all  seams,  from  one  foot  up,  instead  of  thm 
feet,  ^hidi  the  gentlemen  above  quoted  take  as  a  mini- 
mum workable  thickneas.  We  think,  and  there  can  be 
no  doubt  of  it,  when  coal  becomes  scarce  and  high- 
pnced  n  England,  her  engineers  will  find  a  mode  to 
work  manj  a  small  or  abandoned  scam  which  at  pre- 
sent will  not  pay. 


GREAT  KOBTHBBN  COAL-FIELD. 

This  coal-field  is  perhaps  the  largest  in  England. 
It  was  the  first  developed,  and  is  of  the  greatest  im- 
portaiice  to  the  British  coal-trade,  since  it  fiimisha 
nearly  one-fourth  of  its  production.  The  area  of  this 
fills  calculated  at  750  square  miles,  including  only 
50  square  miles  under  the  sea;  but  good  authority,  in* 
clud  ng  the  eminently  practical  opinion  of  Nicholas  Wood, 
Esq  [  laces  half  of  the  field  or  more  under  the  North 
Sea  wl  ch  would  bwcII  the  area  to  1400  square  miles. 

Tl  3  field  ia  generally  known  as  the  Newcastle  coal- 
field and  is  located  in  Durham  and  XorthDmberland 
CO  nt  ea  It  extends  from  the  river  Tees  in  the  south 
to  the  Coquet  in  the  north ;  a  distance  of  48  miles,  with 
a  max  mum  breadth  of  24  miles,  or  a  mean  of  nearly 
16  miles  The  deepest  coal  that  has  been  proved  is  the 
Hutton  Seam,  in  the  Monk-Wearmon  th  Pit, which  is  1800 
feet  below  the  level  of  the  sea,  and  its  mouth  one  mik 
from  ts  shores,  the  coal  still  dipping  east,  or  under  the 
sea     Bdow  the  Hutton  are  the  Harvey  and  the  Bock- 


ExPLAaATiOMB. —  Verlitcl  StciioK  at  Moak-Wtaniiotith. — a,  Seft  tt  the  tnoutli  of  tha  rint 
Wear;  b,  Monk-Wcu-mouth  shmftj  «,  n«w  r«d  tandBlone;  d,  high  main  eo*l;  «,  main  Mil 
or  Wear;  /,  HutloniBUD;  g,  Winn  Sill.  XIV.  MagnesUD  limastone;  XIII.  coalmeunrta; 
XII.  millatone  grit  or  oonglamerate ;  XI.  ttpp«r  tuborboniferoua ;  X.  lower  rabeu-bonllk* 
roui ;  IX.  old  red  undatoni.  The  lower  coal  aeries  or  aabOKTbODifeTona  aa«l«  are  batwaaa 
XL  and  X.    The;  are  the  lame  ai  our  proto-oarboniferoat  or  falte  ooal  meaanrea. 
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weU  seams,  beaidai  some  fivB  or  six  oiheny  not  now  o(m^  the 

whole  oocapying  some  six  or  seven  hundred  feet  of  coal  measures.  Aooom- 
panying  will  be  found  a  vertical  section  of  this  coal-field  near  the  mouth  of 
the  river  Wear,  at  the  Monk-Wearmouih  pit,  which  is  1800  feet  below  the 
sea-level,  shown  bjr  the  water-line  crossing  some  hundred  foet  below  the  pit's 
month,  on  a  level  with  the  Wear,  whidi  enters  the  sea  at  Sunderland,  one 
mile  from  this  point.  We  have  numbered  the  strata  in  the  same  manner  as 
''adopted  in  the  Pakeosoic  strata  of  the  Appalachian  formation,  figure  2, 
Chapter  IL  No.  XIII.  represents  the  coal  measures;  No.  XII.  the  great 
conglomerate,  or,  as  known  in  England,  the  millstone  grit;  No.  XI.  the 
great  Carboniferous  limestone,  containing  the  npper  and  lower  coal  series. 
No.  X.  is  the  lower  Carboniferous  limestone, — the  scar  limestone,  contain- 
ing the  lower  coal  series  of  the  English  formations,  and  sTnonymous  with 
our  protocarboniferous,  or  fidse  coal  measures.  No.  IX.  is  the  fiunous  *^iM 
red  9andd(mtJ^  Above  the  coal.  No.  XTV.,  in  this  section,  is  the  Permian 
formation,  not  shown  in  our  Appalachian  column,  though  probably  existing. 
This  is  the  new  red  sandsUme,  and  the  magnesian  limestone,  so  peculiar  to 
the  great  English  coal-fields. 

This  Permian  formation  extends  firom  the  vicinity  of  Tjmemouth,  about 
the  middlcf  of  the  coal-field,  to  its  southern  extremity,  on  the  Tees,— cova>- 
ing  about  one-fourth  of  the  coal-field  firom  100  to  300  foet  deep. 

Through  this,  as  will  be  noticed,  the  Monk-Wearmouth  pit  is  sunk.  It 
fi!equently  happens  that  the  cost  of  sinking  through  the  Permian  is  enor- 
mous, owing  to  the  sandstone  underlying  it  being  in  the  shape  of  quick- 
sand, or  full  of  great  water-seams,  which  drain  an  immense  area  of  coun- 
try, or,  perhaps^  may  be  fed  from  the  sea. 

In  one  instance,  at  the  '^winning''  of  Murton  colliery,  9000  gallons  of 
water  per  minute  were  encountered  in  this  sandstone,  requiring  the  exer- 
tion of  1584  horse-power  to  work  the  pumps.  The  first  attempt  at  the 
Haswel  pit,  or  ^^  winning,'^  was  abandoned  after  the  expenditure  of 
$300,000,  in  consequence  of  the  excess  of  water;  and  in  another  case  over 
$1,600,000  were  expended  in  establishing  a  single  colliery. 


TRAP  DIKES. 

Another  feature  of  this  coal-field,  and,  in  &ct,  of  most  of  the  British 
formations,  are  the  numerous  dikes  of  trap  or  basalt  which  cross  them  in 
a  general  east-and-west  direction.  The  great  90-fitthom  dike  of  the  New- 
castle coal-field  is  the  most  peculiar.  Its  greatest  thickness  appears  to  be 
about  22  yards,  while  it  extends  in  length  almost  across  the  north  of  Eng- 
land from  the  North  Sea  to  a  point  near  the  Solway  Firth  in  the  Irish  Sea. 
It  forms  an  axis  through  the  coal-field, — ^the  seams  on  the  north  side 
dipping  off  fix)m  the  dike  at  an  angle  of  fix)m  one  in  six  to  one  in  four,  as 
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a  general  rale.    In  many  cases  the  seams  are  abrapUy  thrown  up  or  down 
several  fiithoms  by  the  numerons  dikes  which  cross  the  field. 

This  feature  of  the  English  formations  liad  led  to  much  misoonoeption 
of  fitnlts  in  general.  Our  readers  may  remember  that  off  favJJb^  in  coal- 
mines, as  portrayed  in  works  on  geology,  are  of  this  chss,  following  the 
'^  slip-dikes"  or  trap-dikes  of  the  English  coal-fields, — an  abrupt  termi- 
nation, an  "upthrow,"  or  a  "downthrow,"  being  the  general  form  portrayed; 
while,  in  fiu^  this  form  of  fault  does  not  embrace  one-fifth  the  "troubles" 
found  by  the  miner,  and  is  altogether  absent  or  extremely  rare  in  the 
American  coal-fields,  owing,  as  we  explained  in  Chapters  III.  and  FV.,  to 
the  venting  of  the  volcanic  forces  at  weaker  points  along  the  granite  sea- 
coast  line,  and  the  yielding  of  the  folded  strata  of  the  East  to  the  forces  of 
contraction.  In  the  English  formations  those  forces  found  v^it  in  thou- 
sands of  dikes,  promiscuously  scattered  over  the  British  islands,  to  the 
serious  injury  of  their  coal-fields. 

THE  WHIN  SILL. 

Another  singular  formation  or  feature  of  the  Great  Northern  coal-field 
is  the  "irAtn  ^/,"  markeii  g  in  the  section,  which  exists  between  the  upper 
and  lower  Carboniferous  limestones,  and  in  the  vicinity  of  the*  lower  coal 
measures.  This  is  a  trap,  or  basaltic  rock,  spread  over  and  between  the 
limestones,  and  seems  to  be  coextensive  with  the  field.  It  evidently  origin- 
ated from  some  volcanic  eruption  of  the  time,  and  may  have  resulted 
cotemporaneously  with  some  of  the  great  dikes. 

It  is  extremely  doubtful  that  those  dikes  are  the  invariable  formations 
of  a  period  subsequent  to  the  coal  era,  as  many  suppose,  since  the  coal  is 
only  occasionally  affected  by  the  heat  of  those  igneous  rocks,  as  it  would 
be  were  they  injected  through  it.  The  coal  has,  in  a  few  instances,  been 
found  charred  near  the  dikes;  but  generally  they  simply  terminate  in  their 
vicinity,  as  might  be  expected  in  the  deposition  of  the  coal-beds  if  subse- 
quently formed. 

We  find  cases  of  veins  or  seams  being  consumed  to  a  cinder,  and  others 
charred  to  a  perfect  coke,  by  dikes  of  subsequent  formation,  which  have 
been  injected  through  or  between  the  coals.  The  Tuckahoe  portion  of  the 
Richmond  coal-field,  in  Virginia,  lying  principally  on  the  north  side  of 
the  James  River,  is  a  case  in  point.  Here  we  find  a  "whin  sill"  precisely 
similar  to  that  of  the  Newcastle  field  in  England,  injected  between  two 
coal-seams,  as  may  be  seen  in  the  sections  illustrative  of  the  Richmond 
field.  The  trap  found  a  vent  beneath  the  upper  seams  of  coal,  whidi  it 
burned  to  a  complete  cinder,  while  the  succeeding  seam  below  was  formed 
into  a  beautiful  and  useful  natural  coke,  which  is  in  great  demand  as  a 
household  fuel. 

The  lower  coal  measures  of  the  English  formations  are  fully  developed 
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in  the  Great  Nordiem  coal-field.  The  aeama  of  coal  in  this  lower  aeriee 
crop  oat  in  the  mountain  limestone^  or  between  the  upper  and  the  lower 
OuHbdniferoDs  limeetones. 

The  upper  beds  are  two  in  number^  and  have  been  §nA  df •  mdoibte 
thickness;  the  lower  beds  are  generally  three  in  numbei'y  thomJi  il^f  fre- 
quently develop  more  numerously.  The  '^whin  silP  isibetWMtt  ihp  two 
series  of  seams,  but  fiur  enough  from  either  to  prevent  a  coking  or  ehar- 
ring  influence. 

Thoee  seams  form  a  valuable  body  of  coal  at  ScremerstaBy  as  tk9  vicinity 
of  Holy  Islandy  some  30  miles  from  the  extremity  of  1^  BeillMna^- 
field,  on  the  Coquet  Here  this  lower  ooal  has  develojped  to  s  tlkfalaiesB 
of  90  feet;  and  it  is  generally  believed  that  the  coal  of  tiM  LodbiM^  in 
Scotland,  still  fitrther  north,  is  of  the  same  formation.  Asotfar  hAi  of 
the  lower  coal  series  is  found  at  PlaBketts,  to  the  west;  while  still  west  rf 
that  are  the  coals  of  Canobie,  supposed  to  belong  to  the  true  coal  measures. 

The  dip  of  the  measures,  generally,  is  fr<Mn  east  to  west  in  the  Northern 
coal-field.  They  rise  from  beneath  the  sea  towards  the  west  at  the  rate  of 
one  in  forty,  or  something  over  100  feet  to  the  mile.  In  the  deepest  parts 
of  the  basin  the  coal  appears  to  be  thinner  than  towards  the  outcrops, 
which  seems  to  be  the  rule  all  the  world  over,  vis.:  m  all  very  deep  basins. 
The  magnesian  limestone  lies  over  the  deepest  portions ;  but  we  cannot 
suppose  that  had  any  e£fect  on  the  coal,  which  must  have  been  formed 
long  before  the  limestone. 

COAL-SEAMS. 

There  are  57  seams  of  coal  in  the  Great  Northern  field,  fit)m  one  to  six 
feet  in  thickness,  averaging  75  feet  of  coal;  of  these,  ten  are  workable 
seams,  from  30  inches  to  six  feet  thick,  with  an  average  working  thickness 
of  40  feet;  which  leaves  35  feet  of  coal  in  seams  not  now  considered  un- 
workable, ranging  from  one  to  two  and  two  and  a  half  feet  in  thickness; 
a  fact  which  it  might  be  well  to  remember  in  any  consideration  of  the 
duration  of  the  British  coal-fields. 

The  working  scams  are  locally  named,  and  some  confusion  exists  in 
identifying  them  in  diflerent  portions  of  the  field.  Those  generally 
accepted  in  the  Newcastle  District  are  the  High  Main,  Five-Quarters, 
Main  Coal,  Bensham,  Hutton,  Beaumont,  Stone-Coal,  Low  Five-Quarters, 
Yard,  or  Three-Quarters,  and  the  Brockwell. 

We  give  a  section  of  the  High  Main  and  Low  Main  in  th^  most 
&vorable  condition.  But  accompanying  will  be  found  the  variations  of 
these  seams  at  diflerent  localities,  which  will  apply  generally  to  all  the 
other  seams,  since  they  change  in  about  the  same  proportion. 
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Siffh  Main. 

tmL  Imtkm. 

Good  coal 4  0 

Band 6 

Coarae  oobL 1  6 

6  0 

LoK  Main. 

FmL  b«hw. 

Jet,  or  cannel  oo«l 0  6 

Good  coal 6  0 

Bon;  or  coarse  coal 1  0 

6  7 

Those  scams  are  represented  above  in  tlieir  best  cm 
dition;  below  we  give  them  as  found  under  variaUi 
conditioDS. 


jn^h  Main  Seam. 

F*rt. 

Bwrdem.  CoSiety. — Coal 2 

Bond 

Coal 3 

Backworth't  PH. — Gray  metal 0 

Poor  coal I 

Gray  metal 0 

Coarse  coal 2 

BetUoK  Fit. —  Coal,  good....; C 

Underniiiiing. 0 

Goal,  coarse 1 

Low  Main  Seam. 

Fact 

AtBwdon  a>K«y.— Coal 1 

Band 0 

Coal 0 

Bloe-Btoae 0 

Goal a 

Al  Blackworth't  Pit. — Cannel  coal — jet. 0 

Splint 0 

Chal 2 

Al  Benton  PH. —         Splint 1 

Coal 6 

Slaty  coal 0 


OREA.T  NOBTHEBN   COAL-FIBLD. — BEAMS. 

Aueragv  Tliickneit  of  Seanu. 

High  Main 0 

FiTc-Quartera,  or  Metnl 3 

Moid  Coal,  or  Wear 4 

BeoEham,  or  Maudlin 4 

Button,  or  Low  Main 4 

Beaumont. 3 

StoDc-cool 2 

Low  Five-Quarters 3 

Three-Quarturs 3 

Brockweil  Seam 4 

Total  Workable  Coal 40 


But  to  tliia  may  be  added  26  feet  of  coal  existing  in  scama  from  one  foot 
lo  two  feet,  or  from  12  to  28  inches,  in  thickness,  wliich  are  not  now  con- 
sidered workable,  bat  which  will  be  considered  valuable  long  before  the 
British  coal-fields  are  exhausted. 

Assuming  only  half  the  entire  area  of  the  Groat  Northern  coal-field  to 
be  underlaid  by  those  small  seams,  or  but  half  the  area  productive,  they 
would  still  yield  20,000,000  tons  per  annum  for  five  hundred  years. 

It  may  be  a  question  to  many  of  our  readers,  whether  seams  as  thin  as 
12  inches  can  be  worked  at  all,  and  much  less  to  profit.  We  will  here 
present  some  facta  from  the  actual  workings  in  the  East  Somerset  coal- 
field, wliere  the  seams  are  generally  thin.  Near  Bath,  in  thia  coal-field, 
are  seven  seams  whose  aggregate  thickness  is  12  feet, — three  of  them  from 
12  to  16  inches,  and  four  from  24  to  28  inclies.  They  are  worked  ex- 
leisively  on  the  "long  wall"  system,  at  the  following  items  of  expense. 

COST  OF  HINIHQ  COAL  IN  EAST  SOJIERSET. 


Thick  Veini 
OYflrlSinoliiM. 

Thin  Vsini 
BDder  18  inohM. 

I. 
1 

0 
0 
0 
0 

d. 
1 
8 
3 
5i 
7 

2 
1 

0 
0 
0 

d. 
2 
2 
3 
6J 
7 

Haulin- 

3 

Oi 

4 

8» 

«  will  be  observed  by  the  above  table,  which  is  fiiam  an  interesting 
piper  by  G.C.  Greenwell,  in  Vol.  IV.,  North  of  England  Institute  of 
Jfiaing  Engioeers,  that  the  average  coet  of  miDing  oool  in  the  thin  veins 
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of  Somerset  is  less  than  one  dollar  per  ton,  and  not  mnch,  if  any  thing, 
over  the  cost  of  mining  coal  in  the  great  anthracite  veins  of  Pennsylvania. 
We  may  also  compare  it  with  the  cost  of  mining  coal  in  the  Newcastle 
district,  as  given  by  the  same  author,  from  the  average  production  of  the 
Five-Quarters,  Low  Main,  and  Hutton  seams. 


COST  OF  MINING  COAL  AT  NEWCASTLE. 

SUUiBffi. 

Hewing  and  narrow  work 1  10 

Patting  and  helping  up... 0  4} 

Peputy  work, 0  2 

3iaking  wagon-ways 0  2 

Shiftwork ^  U 

Delivered  on  top — total  per  ton 2  8i 

These  charges  do  not  appear. to  include  madiinery  or  cost  outside,  but 
the  simple  mining  charges,  or  inside  work. 

The  quantity  of  coal  mined  in  East  Somerset  during  1855  was  aboat 
400,000  tons,  or  150  tons  to  the  hand  for  under-ground  work.  In  the 
Newcastle  district  the  amount  of  coal  mined  per  head  in  1854  was  about 
494  tons  for  under-ground  work. 

The  amount  of  coal  actually  realized  from  an  area  containing  by  calco- 
lation  122,082  tons,  was  108,703  tons,  leaving  only  13,379  tons  in  ik 
mine  as  waste  or  fine  coal,  dirt,  and  pillars,^-or  only  10  per  cent,  of  tbe 
whole 

ESTIMATED  COST  OF  DELIVERING  COAL  ON  BOARD  IN  THE  NEWCASTLE 

COAL-FIELD.* 

Common  Coal. 

■•        d. 

Rent  or  royalty 0  6 

Delivering  in  cars 4  4 

Freight 1  6 

Interest 1  6 

6        6 

Extra  household  coals,  <&c.  are  estimated  to  cost  more  than  this  amount. 
This  is  calculated,  over  a  period  of  20  years,  and  includes  profits.  From 
the  same  author  we  find  the  value  of  coal  at  the  pits  during  1846  to  be,  in 
the  Northern  coal-field,  68.  6d.  per  ton ;  in  Cumberland,  Yorkshire,  and 
Stafibrdshire,  bs.  8df.  per  ton;  in  Lancashire,  Cheshire,  Shropshire,  Ac, 
6s.  Sd. ;  in  Scotland,  Ireland,  and  Wales,  68.  Sd.    These  estimates  are  the 

«  T.  T.  Hall,  VoL  II.,  NorUi  of  England  Institute  of  Mining  Engineers. 


ilnation  of  the  average  production,  but  the  above  estimate  of  the  cost  on 
oard  is  only  on  comroon  bituminous  coal.  Extra  household  coal,  and 
iperior  steam  or  gas  coala,  arc  estimated  to  cost  one-tliird  more. 


TOTAL  PKODUCTIOF. 

The  total  production  of  the  Great  Northern  coal-field,  from  the  com- 
lencement  of  the coal-tnide  to  1861,  is  about  1,051,812,483  tons;  and  the 
mount  etill  calculated  as  available  in  the  workable  or  larger  seame, 
,675,432,173  tons.  This  is  exclusive  of  a  lai^  area  of  the  coal-field 
fhere  certain  workable  seams  have  not  proved  remunerative  under  present 
ircum^tances,  being  thin  and  in  some  places  faulty;  nor  does  it  include 
he  25  feet  of  coal  in  veins  below  30  inches  in  thieknes.^,  or  the  vast  area 
uder  the  sea,  and  has  no  reference  to  the  lower  cool  scries,  which  may  or 
uy  not  underlie  the  entire  coal-field. 

At  20,000,000  tons  annual  production,  the  Great  Northern  coal-field  Is 
riimated  to  last  256  years,  without  reference  to  doubtfiil  or  undeveloped 
ortioDs.  If  we  add  the  contingencies  on  which  the  British  manulacturers 
lay  fill!  back,  we  do  not  see  any  particular  need  for  alarm  on  the  score  of 
thauation  for  the  next  500  years  at  least. 

The  coal-trade  of  tliis  field  is  now  in  excess  of  20,000,000  tons;  but  the 
eneral  opinion  is  that  the  trade  will  not  increase  to  a  much  greater  extent, 
nee  over  two-thirds  of  the  field  is  owned  or  controlled  by  a  few  large 
>mpanies  or  wealthy  proprietors,  who  are  now  working  with  more  regard 
jan  formerly  to  the  economy  of  future  production. 

In  order  to  control  the  trade  and  keep  oat  small  operators,  e  large 
dead  rent^'  is  paid  by  some  of  the  companies.  Those  companies  have 
eases  on  productive  coal  lands  running  from  20  to  60  years,  on  which 
bey  pay  a  certain  annual  royalty  as  "  dead-r«it"  in  lieu  of  the  coal  which 
night  be  extracted,  but  which  is  not  yet  wanted.  It  is  estimated  that 
>ver  82,000,000  have  already  been  paid  in  dead-rents  on  these  leases. 

We  give  below  a  list  of  the  great  companies,  collieries,  and  individual 
wners  as  they  existed  in  1855,  from  a  paper  by  T.  Y.  Hall,  published  in 
le  transactions  of  the  North  of  England  Inst,  of  Mining  Engineers. 

The  number  of  collieries  is  136,  with  200  Trorking  pits,  and  the  num- 
>r  of  firms  and  iadividnal  owners  less  than  80. 

KAUES  OF  PBOPBIETOBS.  COLLIEBIEa. 

Seaham,  Raintoa,  Pittington,  Peusher, 


.  Last  P.  A.  Vami, 

Marchioneas  of  Londonderry. 

.  Eabl  or  DURHAU. 


Old  Dmham,  Lady  Seaham,  Antrim   7 

Qonghton-le^pring,  Littletown,  New- 
bottle,  Sherbnrn,  Sherbnra  House, 
Shadforth,  Lady  Durham 7 
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8.  Hetton  Coal  Company. 

Menn.  Cochran,  N.  Wood,  Philip- 
8on,  Bmrell,  Dunn,  Ex.  of  Armo- 
rer, Duncan,  Smart,  and  others. 

4.  NoBTH  Hbtton  Company. 

Messrs.  Wood,  Philipson,  Borrell, 
and  others. 

5.  Haswkll  AND  Shotten  Company. 

Messrs.  Clark,  Taylor,  Plnmer, 
Maude,  Laws,  and  Bell. 

6.  South  Hbtton  Company. 

Messrs.  Forster,  Walker,  Burrcll, 
Green,  P.  Forster,  I.  Forster,  Per- 
cival  Forster,  and  John  Forster. 

7.  TeoRNLEY  Company. 

Messrs.  T.  Wood,  Golly,  Chayton, 
and  Borrell. 

8.  Messrs.  J.  Bowes,  Hott,  N.  Wood, 

and  C.  M.  Palmer. 


9.  Nicholas  Wood,  Esq. 


10.  Messrs.  W.  Blackett,  N.  Wood,  An- 

derson, and  Philipson. 

11.  Townley  Stella  Company,  ex.  for  the 

late  J.  Buddie,  T.  Y.  Hall,  C.  & 
A.  Potter,  and  M.  F.  Dunn. 

Messrs.  Bell  and  partners,  as  follows : 

12.  Davidson,  Stohart,  Crawford  &  Co. 


13.  Joseph   Pease,  I.  W.   Pease,  and 
Joseph  Pease  &  Company. 


Hetton,    Elemore,    Ep 
Hooghton-le-Spring. . . 


Kepier  Grange,  Moors 
Hetton,  North  Hazard 
low,  Donwell 

Haawell  Pits,  Shotton 
hope  New  Pits. 


Hetton  Sooth  Pits,  Sooth 
ton  Pits,  Sooth  Hettoi 
Tremdon  Grange 


Lodworth,  Thomley,  anc 


Marley  Hill,  Dipton,  Po 
crofl,  Andrew's  Horn 
Kibhlesworth,  Spring 
bank,  Killingworth,  I 
Burnopfield,  Shipcote, 
Pearcth  Old  Pit. 

Tees,  Wallsend,  Blacklx 
Westorton,  and  Leasii 

Harton,  St.  Hilda,  and  i 


Townley,  Stella,  and  By 


Lambton,  Lomley,  Hoi 
mont,  Ilarraton,  South 
row,  Haughhail,  ShiD 
ington,  and  Monk- We 

Adalaide,  Bowdcn  Close, 
ley  Hope,  Jobshill,  '. 
moor,  St.  Ellens,  and 
Close. 
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14.  I^|] 


ibinson  ft  Jackson. 


15.  Edward  Bichardaon  ft  Co. 


16.  James  Joioey. 


17.  MesBiB.  Garr  ft  parteers. 


18.  Mens.  J.  Lamb^  Potter  ft  Co. 

19.  Messrs.  J.  Lamb^  W.  W.  Bordon, 

Barnes,  exeontor  of  Thos.  Straker. 

20.  Messrs.  Davidson,  Easton,  W.  An- 

derson, Stodart^  Bates  ft  Hender- 
son. 


Hartlepool  West  Book  Fits,  Thenwiek, 
Bjersgreen,  Crowtees,  Oozboe,  West 
and  Glarenoo  Hetton,  Bnghall,  New- 
field,  and  Idttfe  Chilton. 

Spitdetongs,  Hedomsby,  Eden,  Der- 
went,  Cresswell,  Aoom  CkMO,  Castle- 
pit^  Langley,  and  Hedomslej  OUL 

Stanley  East^  Twiaell,  Tanlteld  East, 
Tanfield  Lm,  Beamisb,  Tanfield  Moor, 
and  Tanfield  Moor  South. 

Barraton,  Cowpen,  Hartley,  Seg^iill,  and 
Felling. 

Cramlington. 

Seaton  DelayaL 


Bedlington. 


The  forgoing  proprietors  oocapy  the  largest  portion  of  the  coal-field, 
&nd  represent  two-thirds  of  the  capital  employed.  The  following  firms 
occupy  only  a  small  portion  each,  and  are  considered  small  proprietors. 


NAMES  OF  PROPRIETOBS. 
1-  Messrs.  Taylor,  Plummer  ft  Co. 

2.  Messrs.  Taylor,  Lamb  &  Waldie. 

3.  "       Lamb,  Potter  &  Co.,  Trus- 
tees. 

^-  Messrs.  Lash  &  Co. 


5. 

U 

Fletcher  &  Sowerby. 

6. 

u 

Bell  &  Hunter. 

7. 

u 

W.  Hunter  &  Co. 

8. 

({ 

Hunt  &  Co. 

9. 

(( 

W.  C.  Curteis  &  Co. 

10. 

(C 

Consett  Iron  Co. 

11. 

tt 

Elliott  &  Ashton. 

12. 

It 

Cook  &  Co. 

13. 

u 

Headleys. 

14.  Executors  of  Messrs.  Brandling. 


NAMES  OF  COLLIERIES. 

nolywell  Old,  Holywell  New,  East,  and 

Earsdon. 
Backworth  and  West  Cramlington. 
Wallbottle. 

Tyne  Main  and  Friar's  Coose. 

Erby  and  Burnhope  Flat. 

Framwellgate,  near  Durham. 

Benton,  near  Newcastle. 

Ouston  and  Urpeth. 

Pelton,  near  Chester-le-Street. 

Conside  Pits,  Crook  Hall^  and  Black 

Hall  Pits. 
Oxclose,  Usworth,  and  Nettlcsworth. 
Castle  Eden  Pit. 
Cragside  and  Homeside. 
Qcsforth. 
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15. 
16. 

17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 

38. 


Heisra.  Bell  ft  Brandling. 

«      Tjuck. 

**     Dalton.  Johnson  ft  Ca 

"      Easton,  Anderson  ft  Co. 

«'     J.  B.  Pearson  ft  Go. 
Hr.  Ralph  Dixon. 
Messrs.  Gookson  ft  Co. 
Mr.  Skinner. 
Bnrkinshaw's  Trustees. 
Messrs.  Longridge. 

'*       Bnrdon  ft  Barkns. 
W.  W.  Burdon. 
Messrs.  C.  Atwood  ft  Co. 
J.  B.  Blackett,  M.  P. 
Messrs.  Thos.  Sowerhj  &  Co. 

'<       Sortees  ft  Go. 
Mr.  Kirsop. 

"    John  M.  Ogden. 
Lord  Howden  ft  Co. 
Messrs.  N.  G.  &  F.  D.  Lamhcrt 
J.  ft  I.  Harrison  ft  Co. 
D.  Bum,  Hawthorn  ft  Co. 
Straker  ft  Love. 


<( 


(( 


(( 


(( 


Bolckow  ft  Yaoghan. 


39.  <<       Stobart  ft  Backhouse. 

40.  Marquis  of  Bute's  Executors. 

41 .  Messrs.  Harrison,  Carle,  Lange 

42.  "      Carr  Bros. 

43.  Joseph  Cowan. 

44.  G.  H.  Ramsay. 

45.  Armstrong. 

46.  W.  H.  BeU. 

47.  Muschamp. 

48.  Pratman*s  Trustees. 

49.  Messrs.  Bell  ft  Johnson. 

50.  *^      Losh,  Johnson  ft  Co. 

51.  «       Gooch  ft  Co. 


ft  Co. 


Coxlodge  , 

Edmonslcj. 

Heaton. 

Hepburn  and  Oakwellgate. 

Heworth. 

Kepier. 

Micklej. 

Marshall  Green.  * 

Netherton. 

Barrington. 

Allerdean. 

Team. 

Black  Pierce,  Thomley,  and  Towlsw. 

Wylam. 

Waldridge. 

Whitworth. 

Wittonpark. 

Whitwell. 

Wingate  Grange. 

Walker  and  Bebsido. 

Radclifie. 

Stanley  West 

Bitchbum,  Brancepeth,  and  WSSn^- 
ton. 

Auckland  West,  Etherley  New,  Wood- 
field  and  Whitlee. 

Etherley  Old  aud  Bitohbnm  North. 

Chopwell. 

Ashington. 

Bellas  Close. 

Bladen  Burn. 

Bladen  Main. 

Evenwood. 

Sacriston. 

New  Bitchbum. 

Buttcrknowle. 

Willington. 

Tyne  Main. 

Liuts. 


Wc  have  named  the  foregoing  parties  and  collieries  as  an  InterestiDg 
record  to  many  of  our  old  English  miners,  perhaps,  more  than  to  out 
readers  generally.  This  list  is  for  1853-54.  Wte  have  not  been  able  to 
find  one  of  later  date.  Some  of  the  collieries  are  not  named,  but  the 
number  is  set  down.  In  1856,  Mr.  Hunt,  the  statician,  gives  273  collieridB, 
but  evidently  means  pits,  and  includes  the  small  land-sale  pits. 
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There  ia  sot  an  entire  agreement  in  the  CBloalatioBB  of  Mr.  Hunt  tod 
le  resident  engineers.  From  the  beet  authorities  geoerallj,  avera^og 
le  several  eedmatea,  we  find  the  following  results.  In  the  Great  Northern 
Ml-field,  aboat  28,000  men  and  bojs  under-ground  produced  15,000,000 
tns  in  1854,  or  an  average  of  about  500  tons  per  head.  In  Sootland, 
2,000  men  uid  ha^  midet-fp:ound  produced  7,250,000,  or  about  311  tons 
er  head.  In  North  Vales,  Lancashire,  and  Cheshire,  32,000  men  and 
a>-8  undeT'^ronud  produced  about  10,000,000  tons,  or  about  320  tons  per 
cad.  In  Belgium,  36,000  men,  women,  and  boys  {voduoed  about  6,000,000 
ins,  or  about  166  tons  per  head.* 

The  ooal  production  of  Northumberland  and  Durham,  or  the  Great 
Northern  coal-field,  dnring  1861,  was  21,777,670  tons  fixtm  271  collieries; 
id  the  production  of  Great  Britain  doriug  the  same  year  was  83,635,214 
ins. 

SOUTH  VALES  ANTHBACITE  COAL. 

We  have,  perhaps,  devoted  more  space  to  the  Neveaatle  ooals  t^n 
ould  be  prudent  if  we  proposed  a  general  description  of  the  English 
«l-fields  in  detail;  but  such  a  oourse  would  be  neither  appropriate  nor 


InGgnre  19  «e  h»Te  giren  the  coal  measures  in  solid  black,  Binge  it  is  impossible,  iriih 
nr  present  taformatioD,  to  identify  the  seams,  or  locate  them  even  approiimately,  in  so 
Wl]  a  space. 

loirable  in  a  work  easeutially  American  and  devoted  to  an  exposition  of 
°u  mineral  resources. 

M'e  Iiave  dwelt  at  more  lengUi  on  the  Great  Northern  coal-field  than  we 
'^■tll  on  any  other  British  or  foreign  coal-field,  because  it  has  an  historical 
'ncereat  and  stands  first  in  the  annals  of  the  coal-trade,  as  it  is  first  in  pro- 
uDctioo,  importance,  and  development.     Wc  shall  now  glance  briefiy  at 

*  Wb  ma;  hare  made  a  few  errors  in  our  description  of  the  coals  aod  ooal-fieUs  cf  Eng- 
'**i,  (ine«  it  is  difficult  to  choose  between  conflicting  Btatemeots,  and  our  distance  from 
h  seene  prevents  us  from  delecting  them.  We  console  oorselTcs,  tioweTcr,  with  the 
*leetion  that  English  writers  on  American  subjeota,  and  partioDUrl;  on  American  coal- 
•Us,  ran  claim  no  escepiion  on  this  Hore.  We  can  onl;  hope  onr  errors  a»  Iwi  numerous. 
10 
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some  of  the  peculiar  English  ooal-formationsy  which  xnaj  poesesB  more 
than  ordinary  interest  to  the  general  reader^  and  simplj  refer  to  others, 
before  dismissing  the  snbject  for  the  present*  Under  the  heads  of  ventila- 
tion and  economic  mining,  we  shall  again  have  occasion  to  cite  the  examples 
of  British  mines  and  miners. 

The  South  Wales  coal-field  lies  on  the  northwest  of  the  Bristol  Channel| 
extending  from  St.  Bride's  Bay  in  the  cast  to  Pontypool  in  the  west-,  a 
distance  of  90  miles,  with  a  maximnm  breadth  of  60  miles.  Its  meas 
breadth  is  less  than  20  miles ;  presenting  a  productive  coal  area  of  from 
1000  to  1500  square  miles.  It  is  divided  longitudinally  by  an  axis 
parallel  to  its  strike,  and  divided  also  into  numerous  intermediate  basins, 
while  the  measures  undulate  both  from  east  to  west,  and  from  north  to  soutb, 
though  the  representations  of  the  field,  across  the  axis  from  north  to  south, 
are  generally  in  the  form  of  two  immense  basins,  as  portrayed  by  our 
transverse  section  above. 

The  deepest  part  of  the  field  is  supposed  to  be  8000  feet;  that  is,  through 
the  coal  measures  to  the  conglomerate.  The  depth  of  tliis  field  has  been 
stated  as  12,000  feet;  but  this  statement  includes  some  of  the  rocks  below 
the  coal,  such  as  the  millstone  grit  and  the  Carboniferous  limestone.  Most 
of  the  mining  has  been  done  by  drifts,  to  the  present  date,  and  but  few 
shafts  have  been  sunk  to  any  great  depth. 

Twenty-three  workable  seams  exist  in  the  principal  basins,  averaging 
altogether  92  feet  of  coal:  of  these,  12  are  from  3  to  9  feet  in  thickness, 
and  11  from  18  inches  to  3  feet.  Besides  these,  there  are  numenius  smaller 
seams  from  6  inches  to  18  inches  thick. 

On  the  north  side  of  the  field  the  coal  is  anthracite  in  character,  and 
resembles  the  anthracites  of  Pennsylvania,  though  generally  containing 
more  hydrogen  or  volatile  matter ;  on  the  east,  or  northeast,  the  coal  is 
semi-bituminous,  and  is  used  extensively,  both  raw  and  coked,  in  the 
blast-furnaces  of  the  region. 

On  the  south  side  the  coal  is  of  a  bituminous  character.  The  change 
from  anthracite  to  semi-bituminous  an'd  bituminous  is  gradual,  and  much 
the  same  in  its  metamorphic  phases  as  we  find  existing  in  the  coal-fields  of 
Pennsylvania.  As  a  pure  anthracite  it  is  used  raw,  but  with  hot  blast  in 
the  furnace;  but  as  a  semi-anthracite  it  can  be  used  raw  with  cold  blaM; 
and  it  is  stated  that  the  best  pig-iron  made  with  mineral  ftiel  in  Wales  is 
produced  with  raw  anthracite  and  cold  blast.  As  a  semi-bituminous  coal, 
it  is  coked  generally  before  use  in  the  frimace,  but  even  this  coal  iB 
frequently  mixed,  both  raw  and  "coked  anthracite"  being  used  in  tlie 
furnace  together. 

There  are  16  thin  seams  of  iron-stone  interstratified  with  the  ooal; 
the  general  yield  of  this  ore  is  not  over  30  per  cent,  of  metal  in  the 
fiunace;  but  being  carefrilly  calcined,  and  both  coal  and  ore  being  pro- 
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noed  on  the  spot^  at  low  prioes^  iron  can  be  maonfiustared  as  dieap  at  the 
Ireat  Dowlias^  or  Merthyr  Works,  as  in  any  part  of  the  world. 

The  iron-masters  of  Wales  discover,  however,  that  a  certain  percentage 
rthe  richer  ores,  even  at  a  much  higher  cost,  not  only  improves  the  make, 
at  reduces  the  general  cost. 

The  coal  production  of  South  Wales  in  1854  was  8|fi50,270  tons :  of 
lis  amount,  only  1,000,000  tons  were  anthracite — ^the  total  bemg  the 
rodncts  of  245  collieries. 

The  analy8is4>f  South  Wales  coal  shows  a  larger  amount  of  bitumen 
um  coals  of  the  same  name  in  Pennsylvania. 


iitaminooB  (avenge)  Wales 

emi-bituminoiis  <<    

li  it  a    ^^^ 

jiihraoite  '^    

U  it 

tt  it 

Jiihraoite  of  Penni^lTania,  White  Ash, 
"  "  «  Red  Ash.. 


OHbMk 

▼•hOU 

76.00 

22.60 

79.00 

14.00 

82.00 

14.60 

89.86 

8.66 

91.60 

7.60 

94.06 

8.38 

96.00 

8.60 

90.00 

7.00 

2.50 
7.00 
3.50 
1.50 
1.50 
2.57 
2.50 
8.00 


We  do  not  consider,  however,  that  mudi  dependence  can  be  placed  on 
leh  analytical  tables  as  we  possess;  they  are  generally  compOed  from  a 
ariety  of  sources,  and  are,  therefore,  not  entitled  to  credence.  The  Eng- 
sh  and  French  chemists  always  produce  a  closer  analysis  than  ours  have 
one,  as  a  rule.  The  coals  tested  by  Clemson,  Johnson,  Jackson,  and  other 
jnerican  chemists,  always  produce,  as  a  result,  from  2  to  10  per  cent, 
tore  residue  than  the  same  coals  when  analyzed  by  Mushet  or  Berthier. 
liere  is,  also,  much  difference  in  the  results  obtained  by  individuals, 
'he  same  samples  of  coal,  analyzed  by  three  or  four  different  persons, 
^ould  show  widely  different  results.  Therefore,  unless  we  have  a  series 
r  analytical  tests  by  one  competent  person,  but  little  dependence  can  be 
laced  on  our  tables  of  the  constituents  of  coal  for  practical  purposes. 


NORTH  STAFFORDSHIRE  COAL-FIELD. 

This  is  a  comparatively  small  midland  coal-field,  containing  from 
0,000  to  60,000  acres  of  coal  area,  and  is  distinguished  firom  other  basins 
1  the  district  as  "the  Potteries." 

We  notice  it  particularly  on  account  of  its  supply  of  iron  ores  and  fire- 
lays  in  connection  with  the  coalnseams. 

The  basin  is  2925  feet  deep  on  the  west  side,  and  5500  feet  on  the  east 
de;  it  is  covered  by  the  new  red  sandstone  in  its  central  portions,  which, 
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however,  has  not  been  developed,  and  die  arm  not  included  in  die  abore 
estimate.  The  aggregate  or  maximum  thicknen  of  the  coal  is  168  fed, 
and  its  average  thickness,  if  diatributed  over  the  entire  area,  32  feet  The 
maximum  tbickneas  of  inm-etooe  is  23^  feet,  and  a^regate  6  feet. 

The  coal  is  distributed  in  45  seams  from  2  to  10  &«t  thidE,  and  8  seam 
from  6  inches  to  18  inches  thick. 

F>a-  SO-  Sumwood  SMm. 

CM-bonftoeoQB  ud  ugiUMeoos,  nodalar 
i      ^^^^^^^^^  iron-Mone. 4  0 

Saney  Mine. 

?Mt.         iBdM. 

(^T^^i^^t^]         Carbonaceous  ore 4  0 

'     ' -=^i  Co*raecoal 3  0 

6  H^S^^^^SI         Fire-clay,  WK^r/tntte. 0  D 

I  4  BH^^^^H  There  are  several  seams  bearing  iirm-Btone  tf 
^^^^^^^^^  tho  roof,  besides  those  illustrated  above,  thou^ 
^^SSS^^^^^  generally  smaller.  It  will  be  noticed,  by  thoae 
who  are  familiar  with  such  matters,  that  this  con- 
binatioo  of  coal  and  iron  is  eminently  available  ibr 
mining  operations;  and  the  consequ^it  result  i> 
here  practically  mauifest  in  the  numerous  suocessful  furnaces  which  an  in 
blast.  The  amount  of  iron-stone  available  in  this  district  alone  >) 
enormous,— enough  to  supply  the  vast  demand  of  the  firitiah  manofis- 
turers  for  50  years. 

The  ore  is  peculiarly  rich,  producing  double  the  yield  of  the  Welsh  W- 
The  averse  yield  of  metal  in  the  furnace  is  over^  50  per  o^L,  iriuk 
the  best  calcined  carbonaceous  will  yield  from  60  to  70;  it  is  much  and 
by  puddlers  to  line  their  furnaces,  and  is  there  known  as  "puddle-mine- 
There  is  also  a  small  seam  of  calcareous  ore  in  the  Carboniferous  linw- 
stoue,  which  is  used  in  the  furnace  aa  a  flax. 

In  185^-4  there  were  20  furnaces  in  blast  and  5  in  coorse  of  erectiao, 
&a.  The  production  was  100,000  tons  of  pig-iron  per  annum.  The  ooah 
on  the  east  side  of  the  basin  are  used  raw  in  the  fnmaces,  being  free^mm- 
ing  and  not  liable  to  cake,  while  the  coals  of  the  west  side  are  coked  beJbtc 
used.  The  amonnt  of  cool  consumed  to  the  ton  of  pig-iion  prodaced  is  3 
tons  14  cwt. 
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The  primitive  mode  of  mining  was  punned  to  a  late  period|  compam- 
Ively,  in  this  district :  the  **  poet  and  slall/'  or  ^  punch  and  thirl,''  ynm  m 
ivorite  sTBtem  with  the  old  miners;  but  the  oost  of  mining  and  the  loss  of 
Mil  in  pUkrs  forced  impt>vementB  on  them.  By  the  old  mode  of  minix^ 
ith  ooavesi  water-baokets,  &o.,  the  cost  of  delirering  coal  on  the  bank 
ras  aboat  7«.  6d  per  ton.  By  the  recently  adopted  improvements  and  the 
eneral  introduction  of  the  'Mong  wall''  system  of  mining,  the  cost  has 
em  reduced  to  S^.  4d  on  the  bank. 

North  Staffordshire  is  the  great  metropolis  of  the  earthenware  mann- 
ictorera,  owing  to  the  presence  of  immense  beds  of  fire  and  potter's  day* 
ome  of  these  beds  are  45  feet  thick,  and  of  a  fine-gndned  or  impalpable 
oture.  60,000  tons  of  fire-cky  are  used  annually  for  the  '^saggers"  in 
Uch  the  ware  is  baked,  and  800,000  tons  of  coal  consumed  in  the  operar- 
ons  at  the  potteries.  The  value  of  the  goods  produced  is  nearly 
20,000,000  annually. 

About  2,000,000  tons  of  coal  is  mined  per  annum  in  this  distriet^  mostfy 
vr  home  consumption,  and  600,000  tons  of  iron-stone,  of  which  abont 
[le-fourth  is  shipped  to  manufacturMs  outside  of  the  distriot 

OTHEB  FOREIGN  COAL-FIELDS. 

We  would  like  to  extend  this  chapter  with  a  notice  of  the  large  seams 
r  South  Staffordshire ;  but  the  space  already  devoted  to  the  British  coal«> 
elds  admonishes  us  that  we  must  come  to  a  dose.  The  table  given  in  the 
^mmencement  of  this  chapter  gives  the  area  of  coal  formation,  amount  of 
oal  in  each  field,  number  of  seams,  and  maximum  thickness  of  the  largest 
earns ;  while  in  a  previous  chapter  we  gave  the  total  production  of  the 
British  coal-fields  and  the  production  of  each  field  and  district*  A  more 
engthy  and  impartial  description  can  scarcely  be  expected  in  a  work  de- 
moted to  American  resources;  and  we  here  wish  to  be  absolved  fix)m  any 
cluffge  of  impartiality  in  the  selections  we  have  made,  or  the  disappointment 
they  may  cause  to  a  few  of  our  readers  who  feel  more  interest  in  the  great 
and  valuable  coal-fields  of  Scotland  or  the  undeveloped  coal-beds  of  Ire* 
Wd,  than  in  the  productions  of  Newcastle  or  Wales. 

COALS  AND  COAL-FIELDS  OF  FRANCE. 

There  are  62  coal-fields  in  France,  but  some  of  them  are  extremely 
limited  and  unproductive.  The  area  of  her  productive  coal-fields  is 
920  square  miles,  existing  in  45  departments,  and  producing,  in  1852, 
4,934,196  tons  of  coal  from  about  50O  collieries.  The  largest  basins  are 
those  of  the  Loire,  which  produced  1,639,183  tons  of  the  above  amount, 
ind  the  Nord,  or  Valenciennes, — a  continuation  of  the  Belgian  coal-field. 
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—which  produced  1,072,845  toim.    The  area  of  the  fint  is  about  60,000 
WBKBf  and  of  the  fleccmd  about  250,000  acres. 

There  are  134  workable  ooalnseams  in  the  Yalencieimes  coal-field,  or  the 
department  of  Nord*    But  few  of  them  are  one  mtoe,  or  3  fixt  3}  inches, 
in  thickness;  most  of  the  seams  are  2  feet  or  leas  in  diameter.    In  the 
basins  of  the  Loire  the  seams  vary  in  number  and  dimensions.    In  the  dis- 
trict of  the  Rive-de-Gier  are  but  three  workable  beds,  with  a  total  thick- 
ness of  32  feet;  but  in  Saint-Etienne  district  there  are  14  seams^  with  a 
total  thickness  of  114  feet;  the  seams,  however,  are  sulgect  to  greater 
variation ;  they  change  suddenly  and  frequently  fix>m  6  or  10  feet  to  60  or 
90  feet,  and  vice  vend.      In    other  districts   seams  of  a  remarkably 
thin  character  are  worked.    In  the  department  of  the  Nord  the  12  beds 
of  Aniche  are  only  22  feet  thick;  and  at  Denin  4  seams  have  only  7}  &et 
of  coal  in  the  aggr^ate.    But  in  the  basins  of  Creuse  and  Blansy,  de- 
partment of  Saone  et  Loire,  the  thickness  of  the  seams  or  beds  is  often 
enormous,  and  &r  greater  than  the  expansions  of  our  Mammoth,  but  more 
limited  in  extent  of  area.    One  of  those  large  seams  has  a  mean  Hnnk' 
ness  of  40  feet,  a  maximum  thickness  of  from  180  to  230  &et^  and  i 
pVolongation  on  the  surface  of  about  2000  feet.    This  great  bed  at  Moot- 
chanin,  where  it  dips  at  an  angle  of  40  degrees  or  over,  is  230  feet  thkk 
at  its  outcrop.    The  depth  of  the  basin  is  about  450  feet. 

Coal  seems  to  have  been  mined  and  used  in  France  as  early  as  1321, 
and  was  imported  from  England  in  1520;  but  not  until  1787  was  any  laige 
amount  of  coal  used  in  that  country.  The  home  production  of  that  your 
was  215,000  tons,  and  importation  214,378  tons,  of  which  154,378  wtt 
from  England.    For  the  yearly  increase,  see  the  accompanying  table. 

In  1852  there  were  10,192  workmen  employed  in  the  mines  of  the 
Nord,— 1612  above  ground  and  8580  below;  they  produced  1,072,845  tom 
of  coal,  or  105  tons  to  the  hand,  and  their  average  annual  wages  amounted 
to  jC21  9«.  per  head,  or  about  one  hundred  dollars  a  year  to  each  man  and 
boy.  During  the  same  year  the  number  of  men  and  boys  in  the  depart^ 
ment  of  the  Loire  was  6724,  and  the  amount  of  coal  produced  1,639,183 
tons,  or  244  tons  per  head ;  the  average  wages  per  head  being  X29,  oi  kv 
than  140  dollars  a  year. 

The  seams  of  the  Nord  are  thin,  as  we  have  described,  while  those  of  the 
Noire  are  thick,  which  accounts  for  the  great  difibrence  in  production  per 
head.  The  whole  production  of  France,  however,  may  be  estimated  between 
those  extremes,  though  generally  the  production  per  head  is  nearer  the 
lower  than  the  higher  figures,  but  the  wages  in  some  cases  are  finom  16  to 
20  English  pounds  sterling  per  annum. 
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•  BeTolDtion  of  1848. 
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PRODUCTION  OF  THE  FRENCH  COAL-FIELDS  IN  1862. 
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PRODUCTION  OF  IBOH. 

'n  1852  there  were  about  75  blast  famaoes  In  operation  in  TnnoBf 
Lch  prodnoed  522,643  tons  of  pig-iron,  at  a  valne  of  about  $27.60  per 
Of  this  amount,  263,340  tons  were  made  with  wood  and  chahx)al,  at 
line  of  about  $30  per  ton,  and  259,303  tons  with  coal  and  o6ke,  at  a 
le  of  about  $25  per  ton.  About  one  ton  of  bharooal  was  consumed  to 
ton  of  metal  produced,  and  about  two  tons  of  ooal  or  coke, 
hiring  the  same  year  301,803  tons  of  malleable  iron  were  produced,  at 
due  of  about  $60  per  ton ;  of  this  amount  64,601  tons  Were  made  witb 
xxial  and  237,202  with  coal  and  coke.  The  cost  of  fuel  per  ton  of 
.  produced  was  about  $30  for  charcoal  and  $10  for  coal  and  coke. 
»at  two  tons  of  charcoal  were  used  to  produce  each  ton  of  malleable 
,  and  about  three  tons  of  coal  or  coke. 

lie  data  for  the  following  tables  are  from  a  statistical  paper  by  T.  Y. 
1  in  YoL  rV .  North  of  England  Institute  of  Mining  Engineers  Trans* 
>n8. 

COAL  Am)  COAL-BflNES  OF  BELOnTM. 

he  Belgian  coal-field  is  a  long  and  comparativoty  narrow  series  of 
08,  extending  about  75  miles  from  east  to  west,  and  lying  in  France 
Belgium  in  about  equal  proportions,  but  nanower,  and,  consequently, 
er,  in  the  latter  than  the  former  country. 

he  portion  in  Belgium  is  40  miles  in  extent  from  east  to  west,  and  8 
8  wide  as  a  mean,  with  an  area  of  326  square  miles  of  productive  coal 
mres. 

he  number  of  developed  seams  is  114;  but  most  of  them  are  thin, 
average  is  less  than  two  feet,  and  but  few  are  over  three  feet  in  thick- 
.  Seams  from  12  to  18  inches  are  considered  workable;  but  the  pro- 
ion  is  limited,  considering  the  number  of  workpeople  employed,  in 
parison  with  the  production  of  the  English  mines.  In  1850  there 
e  408  pits  in  operation,  159  idle,  and  25  sinking;  and  the  number^ 
icter,  and  wages  of  the  workpeople  were: — 


Men.... 
Boys.... 

Women 
Girls.... 


B«]ow 
Ground. 


28,471 
4,464 
2,274 
1,221 


AboTe 
Grotind. 


7,531 

1,075 
1,771 
1,142 


Above 
Wagev. 


*1.74 

.65 
.92 
.56 


Below 
Wages. 


1.72 
.94 

1.30 
.85 


total  number  of  workpeople  being  47,449,  of  whom  36,430  were 
loyed  below  ground,  and  11,519  above;  the  total  production  of  coal 
ig  the  same  year  being  5,820,588  tons,  and  the  average  production  to 

*  1  frano  74  centimes  equal  0.83^  cents  United  States  Currency. 
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each  under-ground  operative  about  160  tons.  The  exports  to  France  in 
1850  were  1,953,190  tons;  but  in  1856  thejr  had  increased  to  3,119,630 
^tons,  and  the  annual  home  production  increased  in  about  the  same  pro- 
portion. It  is  reported  that  the  production  of  Belgium  for  1864  exceeds 
10,000,000  tons. 

The  first  engine  erected  in  Belgium  was  in  the  Li^  district,  as  early  as 
1723,  for  pumping  water.  In  1838  the  hoisting-engines  were  145  in  nam- 
ber,  with  an  aggregate  of  3881  horse-power ;  the  pumping-engines  were 
58  in  number,  with  an  aggr^ate  of  5279  horse-power.  In  1850  they 
had  increased  to  384  hoisting-engines,  with  an  aggr^ate  of  11,648 
horse-power,  and  143  pumping-engines,  with  an  aggr^ate  of  16,081 
horse-power.  The  mining  records  of  the  kingdom  give  the  following 
depths  of  the  chief  collieries  in  Belgium : — 

47  pits  from  800  to  850  mdtres*  in  depth. 

26  "      "    350  to  400  " 

27  "      "     400  to  450  " 

3  "      «    450  to  500  " 

4  «      '*    500  to  550  " 

OTHER  EUROPEAN  COAL-FIELDS. 

There  are  in  Germany  four  prominent  coal  districts  of  the  true  or  Cbibo- 
niferous  era,  besides  others  in  which  lignite  or  coals  of  a  more  recent 
formation  occur.  The  localities  of  the  true  coals  are  on  the  banks  of  the 
Rhine  in  Westphalia ;  on  the  Saar,  a  tributary  of  the  Moselle,  on  the 
borders  of  France ;  in  Bohemia  and  Silesia. 

The  Saarbruck  coal-field,  in  Rhenish  Bavaria,  is  an  extensive  and  valu- 
able basin,  about  1000  square  miles  in  area,  with  103  beds  or  seams  of  ooil 
varying  from  18  inches  to  15  feet  in  thickness.  The  Westphalia  ooil 
exists  in  a  comparatively  small  basin,  known  as  the  Ruhrfort  coal-fidd. 
Those  two  Prussian  coal-fields  produced  in  1850,  2,750,000  tons ;  of  which 
781,521  tons  were  consumed  in  France,  on  whose  borders  those  faiBDi 
exist. 

In  Austria  several  coal-fields  exist,  but  principally  in  Bohemia,  Silent, 
and  Hungary.  Of  the  coal-beds  in  Hungary  little  is  known,  and  those 
of  Silesia  are  still  less  developed.  The  quality  is  chiefly  bituminous ;  the 
seams  arc  few  in  number,  but  generally  very  thick.  Anthracite  extsts  to 
a  limited  extent. 

The  coal-basins  of  Bohemia  are  considered  rich  in  coal,  and  miniif  is 
carried  on  to  a  considerable  extent,  chiefly  for  home  consumptioiu  Mom 
than  40  seams  of  coal  are  worked;  while  many  more  are  known  to  exist 
The  workable  seams  are  generally  from  3  to  6  feet  thick. 

*  A  m^tre  is  8.28  feet,  or  a  little  oter  8  feet  8  inches. 


CHAPTER    VIII. 

THE  ANTHBACITE  COAL-FIELDS  OF  PENSBYLVANIA. 

Anthracil*  Coal-B&sina — Coin  pa  ml  he  Vttlue — Economy  in  Mining — Thg  'Wyoming  or 
NoTtbem  Coal -FielU—T lie  Wjomicg  Vnlltj— Us  Hiatory  in  Mini aiuro— Yankees  and 
FeonBQiites — Maaascre  of  Wyoming — General  Topography  of  Ibe  Valley — Eiteat  of  the 
Co&l- Field — ^Form  and  Features  of  the  Baain — Secliona  of  the  Intermediate  Baain — Tlio 
Lacbavanna  Eegion — Carhonilale  Dietriat — Scranton  Diatriat — Plttalon  Diatriot — Denu- 
dation— Wyoming  Kogion — Wilkeebarre,  Plymouth,  and  Nftotiooka  DistriclB — Baltimore 
Vein,  or  Moiunoutii— Grand  Tunnel  Tein,  or  Buck  Mountain— Section  at  Nantiooke. 

We  have  now  the  most  interesting  portions  of  our  work  before  us,  and 
to  ourselves  and  our  country  the  most  important.  Perhapa  of  all  mineral 
deposits  the  moat  valuable  in  thus  of  iu  any  other  country  is  that  which  we 
propose  to  describe  in  the  following  pages. 

The  area  and  dimensions  of  the  eoal-basins  composing  these  anthracite 
fields  of  Pennsylvania  arc  comparatively  small,  when  compared  with  some 
of  the  prominent  coal-fields  of  Europe  which  we  have  just  passed  over, 
and  iDsigDificaot  when  compared  -with  our  own  great  bitominouB  deposits 
west  of  Uie  AUegbanies.  But  when  we  consider  the  immense  and  popa- 
lona  area  depending  on  those  fields  for  ita  supply,  and  their  central  loc^ 
tion,  we  are  led  to  reflect  that  present  availabili^  is  of  &r  more  valae  thao 
prospective  developments,  and  particularly  when  those  Altan  resources  are 
only  BOHCeptible  of  development  through  present  means. 

At  thia  period  of  our  country's  history  or  existence,  ita  anthracite  coal- 
fields are  invaluable ;  and  were  we  forced  to  decide  at  the  present  moment 
On  the  relative  value  of  the  bitnminona  and  anthracite  cools  within  our 
territory,  it  would  undoubtedly  be  in  &vor  of  the  470  square  miles  of  the 
one,  against  the  200,000  square  miles  of  the  other;  not  that  we  would 
undervalue  onr  bituminous  coals,  tihe  immense  and  incalculable  value  of 
which  is  more  a  matter  for  the  future  than  the  present:  yet  it  may  not  be 
«  kntg  period  before  the  Western  deposits  wilt  equal  the  prodoction  of  the 
Eastern  basins. 

More  depends  on  the  localities  of  coal-haains  than  cm  tb«r  extent.  The 
anthracite  beds  are  in  the  midat  of  a  populous  r^on,  in  the  vicinity  of 
many  great  and  wealthy  cities,  and  are  surrounded  by  manyjactoring 
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establishments,  which  are  rapidly  growing  and  prospering  on  the  wealth 
which  is  developed  around  them. 

Twelve  millions  of  inhabitants  derive  their  chief  snpply  of  ooal  fiom 
these  fields,  and  will  continue  to  do  so  until  they  are  to  a  great  extent 
exhausted.  But  before  that  time  arrives,  those  12,000,000  of  inhabitants 
will  have  increased  to  over  30,000,000,  and  the  present  production  of  coal 
will  increase  perhaps  in  a  double  proportion.  The  area  which  the  coals  of 
Pennsylvania  will  naturally  supply  is  over  300,000  square  miles,  or  more 
than  double  the  area  of  Great  Britain,  which  now  contains  about 
30,000,000  inhabitants  and  produces  nearly  100,000,000  tons  of  ooal. 
The  area  which  must  be  supplied  with  anthracite  coal  is  susceptible  of 
sustaining  a  population  as  dense  as  that  of  Great  Britain,  and  their 
manufacturing  and  commercial  pursuits  will  demand  an  equal  amount  of 
coal  per  head.  That  this  demand  must  be  chiefly  supplied  from  the  anthra- 
cite r^ions  is  evident  from  the  £ict  of  proximity  and  the  availability  and 
cheapness  of  the  fuel  produced.  That  much  of  the  semi-bituminous  and 
bituminous  coals  will  be  used  there  can  be  no  doubt ;  but  since  the  anthra- 
cite has  proved  a  superior  fuel  for  most  purposes,  and  as  it  can  be  mined 
with  equal  fiudlity  or  expense,  it  is  not  prolwble  that  the  distant  bitomi* 
nous  will  be  used  while  the  present  anthracite  lasts. 

At  present,  we  do  not  value  our  anthracite  lands  at  a  fraction  of  Ibeif 
real  worth;  but  the  time  will  come  when  they  will  be  held  as  a  monopoly, 
and  their  fortunate  owners  will  derive  revenues  from  rents  that  might  now 
be  considered  visionary  even  to  name.  Coal  lands  sell  now  in  the  anthra- 
cite regions  from  $150  to  $1000  per  acre.  The  same  lands  will  not  be 
bought,  twenty  years  hence,  for  five  hundred  per  cent  addition.  The  ooal 
lands  of  England,  in  the  older  or  more  developed  regions,  command  from 
$5000  to  $7000  per  acre,  but  they  seldom  change  hands.  Yet  the  rents 
paid  by  the  miners  or  operators  there,  when  they  lease  from  the  pro* 
prietors,  do  not  ekceed  12  or  15  cents  per  ton.  There,  35  feet  of  ooal  is 
all  that  is  credited  as  workable  or  available  for  present  use;  here^  60  feet 
of  ooal  is  the  average,  and  from  25  to  50  cents  per  ton  is  demanded. 
There,  750  square  miles  of  area  produce  21,000,000  tons  of  coal  per 
annum,  with  but  little  prospect  of  a  much  greater  increase;  here,  470 
square  miles  of  area  produce  10,000,000  tons  annually,  with  a  positive 
certainty  of  a  rapid  and  vast  increase.  It  therefore  takes  but  little  calca- 
lation  to  estimate  the  relative  value  of  coal  lands  in  the  anthracite  rq;ioii8 
of  Pennsylvania,  or  the  bituminous  districts  of  the  Great  Northern  coal- 
fields of  England, — ^particularly  when  this  is  a  monopoly  beyond  oc»n- 
petition  from  other  fields;  while  that  is  in  active  competition  with 
numerous  surrounding  coal-fields,  where  coal  equally  good  and  equally 
cheap  is  produced  in  abundance. 

We  have  not  chosen,  perhaps,  the  best  words,  or  the  most  striking 
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eiamplesy  to  demonBtrate  the  valoe  of  oar  ooal  depoeitB.;  bat  that  is  a 
small  matter  in  comparifion  with  the  degree  of  eoonomj  with  which  we 
■hould  preserve  and  atilice  the  invaloable  stores  of  mineral  wealth  which 
those  fields  contain. 

We  have  noticed  that  all  oar  old  or  primitive  miners  did  thdr  work  in 
a  primitive  manner;  that  in  all  new  regions  where  coal  is  plentifal|  the 
easiest  wajr  is  alwi^  the  first  waj,  though  it  may  be  the  most  expensive 
in  the  end. 

For  manj  Tears,  in  the  early  development  of  the  English  mineSi  the 
waste  or  loss  of  coal  in  refuse,  pillars,  and  ^^loet  mine/'  vras  equal  to  oar 
present  enormous  waste, — say  SO  per  cent.  But  improvement,  care,  and 
economy  have  reduced  the  50  per  cent,  to  firom  10  to  16  per  cent  in  the 
English  mines. 

Sach  a  consummation  is  most  desirable  here,  and,  we  think,  attainable 
under  a  proper  sjrstem  of  mining, — ultimately  attended  with  fiur  greater 
economy  than  our  present  sjrstem,  though^  perhaps,  nuve  expensive  to 
establish. 

Oar  present  production  of  merchantable  coal  is  over  10,000,000  tcms, 
but  the  present  annual  drain  on  our  resources  is  over  16,000,000  tons. 
Oar  loss  is  now  6,000,000  tons  annually.  Bat  we  may  not  look  fiur  in 
advance  to  see  those  figures  doubled;  and  our  dead  loss  will  then  b^in  to 
be  noticed  and  appreciated. 

If  we  estimate  the  dead  loss  at  20  per  cent,  under  such  a  system  as 
might  be  inaugurated,  instead  of  50  per  cent,  as  now  suffered,  the  saving 
to  individuals,  community,  and  country  would  be  great. 

It  would  cause  a  direct  gain  of  6,000,000  tons  per  annum  on  a  pro- 
duction of  20,000,000,  and  might  be  obtained  without  one  cent  of 
additional  cost  per  ton  to  the  miner  or  operator,  except  in  rents  to  the 
landed  proprietors.  This,  we  presume,  they  would  appreciate,  if  our 
miners  should  not;  but  they,  too,  would  find  this  economy  profitable. 
Instead  of  a  ^^lift'^  lasting  10  years  under  a  waste  of  50  per  cent.,  it 
would  last  13  years  under  a  waste  of  only  20  per  cent.,  and  1,300,000  tons 
of  coal  would  be  obtained  instead  of  1,000,000;  while  the  cost  of  pumping, 
nuang,  soperintendence,  Ac.  would  be  about  the  same. 

In  that  portion  of  this  work  devoted  to  the  Economy  of  Mining,  all  the 
information  attainable  on  this  subject  will  be  found;  and  we  hope  to 
demonstrate  the  practicability  of  saving  a  larger  percentage  of  our  present 
enormous  waste  than  here  intimated. 

In  describing  the  respective  coal-fields  of  the  anthracite  r^ons,  we 
shall  follow  the  plan  adopted  in  the  preceding  pi^es,  and  commence  with 
"Wyoming.  Its  early  history,  magnificent  extent,  fame,  and  natural  beauty, 
all  conspire  to  give  this  rich  and  lovely  valley  pre-eminence  in  an 
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historical  point  of  view;  while  its  coal-trade  and  mineral  resouroes  place 
it  first  among  the  anthracite  fields. 

We  mnst  here  object  to  a  misnomer  which  has  lately  been  growing  into 
nse  by  writers  and  the  public  generally.  We  notice  the  "  Great  Northern 
or  Wyoming  oool-field''  mentioned  as  the  ^^  Lackawanna  coal-field''  in  two 
late  publieations ;  one  being  an  elaborate  paper  published  in  the  Transaodons 
of  the  North  of  England  Institute  of  Mining  Engineers  for  1864,  and  tbe 
other  a  Hand-Book  of  the  New  Jersey  Central  Railroad,  published  in  i 
neat  and  handsome  style  by  the  Messrs.  Harper.  The  Lackawanna  district 
or  region  is  simply  one  end  or  portion  of  the  field,  as  a  glance  at  any  map 
of  the  anthracite  coal-fields  will  show.  It  is  important  on  account  of  its 
greater  development  and  production,  but  the  larger  portion  of  the  coal  lies 
in  the  Wyoming  Valley  proper. 

It  is  a  singular  distinction  which  names  the  lower  end  of  this  great  coal- 
field, or  valley,  Newport,  and  the  upper  end  Lackawanna,  since  there  is 
no  termination  to  the  great  mountain-ranges  forming  alike  the  vaUey  and 
the  coal-basin,  from  the  extremity  of  Newport  to  the  end  of  the  Lackir 
wanna;  and  when  we  speak  of  the  valley,  generally,  we  call  it  the 
Wyoming  Valley.  We  therefore  object  to  this  misnomer,  which  rgects  a 
proper  name,  old  and  honored,  for  the  name  of  a  simple  district  whidi  his 
no  application  to  the  coal-field  generally. 

THE  WYOMING  VALLEY. 

We  cannot  fairly  introduce  this  interesting  coal-field  to  our  readers 
without  giving  a  brief  resumS  of  the  eventful  and  romantic  history  of  the 
Wyoming  Valley. 

When  the  white  man  first  visited  this  paradise  of  the  Indian  hunter,  the 
Delawares  held  sway  over  the  region,  though  under  subjection  to  the  moie 
powerful  Iroquois.  Had  it  not  been  for  the  petty  wars  which  oonstantlf 
imbrued  the  hatchet  of  the  aborigines,  and  made  warriors  of  those  children 
of  the  forest,  Wyoming  might  have  been  almost  an  Eden  to  the  red  men. 

No  river  ever  abounded  with  finer  fish  than  those  which  stocked  the 
Susquehanna,  and  no  forest  ever  afforded  the  hunter  finer  game  than  the 
mountains  of  Wyoming;  while  the  ^^ great  plains''  returned  abundant 
harvests  to  the  labor  of  the  squaws. 

But  this  fruitful  and  delightful  vale  was  ever  a  coveted  poasessiciu 
First  the  wild  Indian  disputed  the  prize  in  a  hundred  battles,  and  sob- 
sequently  the  white  men,  in  spite  of  king  or  council,  struggled  long  and 
desperately  with  each  other  for  this  gem  among  the  mountains  of  the 
"West." 

The  Nanticokes  have  lefl  their  fiime  engraven  on  the  rocks  of  their 
country,  as  imperishable  as  the  land  itself,  and  the  Shawnees  have  their 
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lament  in  the  mottntain  which  bean  their  name,  while  the  noble  Dela- 
tes— the  Leni-Lenape — Cleave  their  l^enda  with  stream  and  vale  and 
•  Bat  stHI  fiurther^  in  the  remote  past,  before  the  existenoe  of  the  red 
d's  traditional  history,  Wyoming  was  peopled  by  superior  raceS|  who 
behind  them  moonds  and  walls  and  the  relics  of  a  civilization  which 
savages  never  possessed.  The  same  race  existed  here  which  have  left 
ir  mysterious  story  in  the  unriddled  mounds  of  the  West, — a  people 
re  civilized  Imd  conversant  with  the  arts  and  mechanical  dMU  than  onr 
nted  ancestors  of  Britain,  or  many  of  the  semi-civilized  nations  of  to- 
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L  word  now  in  relation  to  the  feuds  and  wars  of  the  white  man  tor  the 
session  of  Wyoming.  On  the  3d  of  November,  1620,  James  L  of 
g^knd  granted  to  the  ^'Pljrmouth  Company"  all  the  territory  lying 
ween  the  fortieth  and  forty-sixth  d^rees  of  north  latitude,  and  from  the 
tmiie  to  the  Po/dfio  Ocean.  The  charter  of  the  State  of  Conneotioat  was 
ived  from  this  Plymouth  Company.  It  covered  off  the  land  west  of 
inecticut,  one  degree  in  breadth,  from  ^^  sea  to  sea,''  and  consequently 
laded  a  large  portion  of  PeuDsylvania,  and  particularly  the  Wyoming 
Iky. 

Lbout  fifty  years  after  this  event,  the  British  crown  granted  to  William 
in  the  province  of  Pennsylvania,  and,  singularly  enough,  one  d^ree  of 
tude  from  the  second  east  to  the  fourth  degree  west  longitude,  or  an 
a  of  one  degree  of  latitude  and  six  of  longitude,  lay  within  the  Con- 
ticut  or  Plymouth  grant. 

Both  parties  subsequently  bought  the  land  from  the  aborigines, — ^Wil- 
n  Penn  from  the  Delawares,  who  were  in  possession  by  sufferance  from 
ir  conquerors,  the  Six  Nations,  and  the  "Susquehanna  Company," 
tned  for  the  purpose  of  settling  the  Wyoming  Valley,  from  the  Six 
tions  themselves.  Penn  afterwards  bought  it  again  from  the  Six 
tions. 

^  early  as  1750  a  few  daring  adventurers  from  New  England  had  pene- 
ted  the  then  western  wilds  as  far  as  the  mountains  of  the  Susquehanna, 
I  saw  for  the  first  time  the  lovely  Valley  of  Wyoming,  the  most  beauti- 
landscape  the  eye  can  behold. 

i¥hen  the  adventurers  returned  to  the  rocky  hills  of  Connecticut,  they 
i  the  most  wonderful  tales  of  a  "  paradise'*  which  lay  among  the  Western 
untains.  Others,  doubting,  went  to  behold  the  scene  for  themselves, 
[  came  back  with  excited  imaginations  and  glowing  descriptions,  which 
re  than  confirmed  the  reports  of  the  first. 

*The  Susquehanna  Company''  was  then  formed  in  New  England  for 
settlement  of  the  land  in  Wyoming ;  the  land  was  bought  from  the 
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Indians^  and  in  1762  aboat  two  hundred  of  the  company  removed  to  die 
valley;  but  late  in  the  same  year  they  were  surprised  by  the  Indians,  and 
about  20  of  their  number  massacred;  the  remainder  fled,  naked  and 
hungry,  tlirough  the  inhospitable  mountains  to  their  former  homes. 

A  few  of  the  more  daring  and  hardy  settlers  returned  to  the  vallqr;  but 
not  until  -ITdS  did  any  of  the  company  return.  By  this  time  the  valkj 
had  been  taken  possession  of  by  the  proprietors  of  Pennsylvania^  and  now 
ensued  a  long  series  of  petty  wars  between  the  **  Yankees''  and  the  '*  Peni^ 
amites."  Each  laid  claim  to  the  valley,  and  both  parties  struggled  fiv  its 
possession  with  equal  determination.  From  this  period  until  the  com- 
mencement of  the  Bevolutionary  War  this  civil  strife  raged,  with  varied 
success,  but  with  much  suffering,  bloodshed,  and  intrigue.  Three  timeB 
were  the  Yankees  dispossessed,  and  driven,  destitute,  over  the  mountainB, 
back  to  New  England ;  but  as  often  did  they  return  to  repossess  the  fields 
which  they  valued  so  highly,  and  the  vale  which  had  so  maliy  charms  and 
claims  on  their  affections. 

This  strife  between  the  **  freeholders"  of  Connecticut  and  the  great  Penn- 
sylvania land-monopoly,  which,  was  unpopular  even  in  Pennsylvania, 
because  they  tried  to  inaugurate  a  ^^  tenantry"  or  feudal  system  aimilar  to 
the  English,  was  not  a  mere  question  of  titles  or  boundaries^  or  a  flim|de 
case  of  ejectment  between  landlord  and  tenant.  Wyoming  was  the  battle- 
field where  the  question  was  settled  that  the  people  of  Pennsylvania 
should  ho  freeholders,  instead  of  mere  serfs  or  tenants;  and  in  this  striie, 
which  was  fought  between  the  "  Yankees,"  as  they  were  called,  and  the 
landed  proprietors,  the  former  had  all  the  sympathy  of  the  Pennsylvania 
tenantry,  while  the  latter  became  hated  and  were  forced  to  abandon  the 
tenantry  system,  and  sell  their  lands  to  freeholders  in  fee-simple,  instead 
of  pursuing  a  system  of  leasage  or  life-rents.* 

The  Kcvolutionary  War  for  a  time  suspended  hostilities  between  the 
freeholders  and  the  proprietaries;  but  before  it  was  &irly  over  the  proprie-  , 
taries  returned  to  the  attack,  and  the  hardships  and  sufferings  of  the 
settlers  were  less  endurable  under  their  remorseless  avarice  than  under  the 
barbarous  cruelty  of  the  tories  and  Indians  during  the  dark  hours  of  the 
War  of  Independence.  We  cannot  follow  the  events;  but  at  last  the 
indignation  of  the  people  of  Pennsylvania  was  aroused  against  the  pto- 
prietors  and  their  treatment  of  the  Wyoming  settlers,  who  had  so  manfully 
fought  side  by  side  with  themselves  for  liberty,  while  oppressed  by  » 
monopoly  which  threatened  their  lands  and  homes ;  and  the  result  was  that 
the  legislative  Assembly  of  Pennsylvania,  in  1784,  "ordered  that  the 
settlers  be  restored  to  their  possessions." 

*  Rev.  George  Peck's  History  of  Wyoming. 
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iMlft*  ^  ^  toam  and  Indiana  from  Sir 

Tohit  Johoson'a   departmcDt   in   the   nortli, 

IfntJTi'rnT  Jnhn  or  "Indiu  Butler,"  oo  the 

Minoelflw  iahabitMto  of  Wyoming. 
.Ikes  fiune  oonsuted  <Kf  about  400  British 

pemnndala  (auMtl/  torim)  fend  GOO  Indiaits. 

IbiEiy  ouoe  tuddoilf  into  the  lit^l  of  tliu 

faUey  about  Um  30th  of  Jane,  and  captuiod 

W0t  Wintenaoot  and  Port  Jeukins  withuut 

flfpontioi).     Bat  &e  pe(q>le  of  the  lower  part 

pthered  fautify  into  "  Foart^-Fort,"  and  those 

who  were  able  to  bear  amu  immediately  pre- 

ptfcd  to  defbid  themaelvea  and  their  &im- 

pp.     Aboat  time  hnndred  men  aud  boya 

mn  under  arau,  and  divided  into  six  com- 

jifWim,  under  the  eonunand  of  Col.  Zebulon 

Aider,  a  IwaTe  Contbenlal  olGcer.     Instead 

oC  amitlng  the  attack  of  tlii.'  enemy  behind  sueh  defences  aa  they  had 

CSQatnuted  at  might  oonstnict,  it  was  determined,  against  the  udvie«  of  Cul, 

1L  Bntler,  to  advance  immediately  against  the  foe.  Aeoordingly  on  the  3d  of 

Joly  these  300  rav  militia  advanced  against  1000  well-armed  soldiers  and 

experienced  ^rarriors  on  the  open  field.    At  first  the  British  line  gave  way 

before  the  firm  and  steady  advance  of  the  yeomen  of  Wyoming ;  and  had 

Indian  Butler  had  no  more  than  his  400  tories,  be  would  have  been  put  to 

disastrous  rout     But  the  Indians  fought  from  stump  and  tree,  and  Banked 

the  American  left  so  fitr  that  it  became  ncceaaary  to  stop  the  advance,  and 
fonn  the  face  of  the  left  flauk  against  the  flanking  Indians  and  at  right 
angles  to  the  main  line.  In  attempting  this  mauceuvre,  the  militia  became 
confused,  and  the  red  warriors  rushed  on  them  in  overwhelming  numbers, 
Mid  thoa  the  day  was  lost.  About  160  of  the  Connecticut  people  were 
killed  in  battle,  and  about  40  more  were  murdered  after  surrender  or  whilst 
bai^  pursued.  Indian  Butler  reported  that  he  bad  taken  227  scalps  and 
oniy  6  prisoners.  On  the  surrender  of  the  fort  the  following  day,  with  the 
Rninant  of  the  patriot  band,  it  was  stipulated  that  "  the  citizens  should 
occapy  their  &nns  peaceably,  and  that  their  lives  and  property  should  be 
preserved."  Bat  the  Indian  allies  of  the  British  coald  not  be  restrained, 
Of  Indian  Butler  did  not  try  to  restrain  them,  and  the  result  was  that 
Harder  aud  robbery  held  high  and  diabolical  sway  while  means  were  lefl 
to  gratify  savage  propensities. 
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Tti^^  in}iiii/it^tiUi  (M.  zni  the  valley  was  again  desntej  and  alent, — ^left 
t/>  iltd:  tj/rrh  iX  x\kH  nA  d^nn^jna;  and  only  late  in  the  fall  did  the  settlers 
tlhra  Vt  niUini  Ut  ^^n'  tLe  nemaina  of  tljeir  Idnave  comradeB  who  fell. 

I'orty-l'V/rt  wa>!aWit  three  niile<  from  Kingston^and  the  battle-groond, 
wh<?r'r  thf;  Uioumiifiiil  now  standiSynear  the  village  of  Troy ,  about  five  miles 

Many  of  l\ui  ^arly  n^rWHfiaper  fitriric9  of  thia  bloody  affiur — bad  as  it 
fi^iWy  viiij^.f  titul  d<.'iyTving  of  c^indemnation  for  all  time — are  mere  fiibrica- 
tiouH,  or  i\ui  wild  r('.\ftr\ji  of  frightened  and  distempered  minds.  There 
ivtLfi  no  \ui\\t4!r\tm%mUt  niaisHa^.Te  of  women  and  children  after  the  surrender, 
or  iuMAiWAiA  Mluuglit'^r  of  captive  Boldiers.  All  the  soldiers  who  sur- 
viv<'<l  (lj<;  Ijatth;  and  pursuit  found  their  way  out  of  the  >'alleyy  and  most 
of  \\\i^  wonH'U  and  ehihlrcn  were  allowed  to  escape.  A  few  who  lingeivd 
n<iir  llK'ir  lionutN  were  killf^l  and  scalped^  and  the  homesteads  of  the 
Kotllct'ri  w<!rc  gctu?nilly  given  to  the  torch,  and  all  their  horses,  cattle,  and 
nioviitihi  pro|K*r(y  wttn*  f!urrl(;<l  off  as  plunder. 

Hut  thii  HUVugeH  [Miid  dearly  for  their  short-lived  triumph.     During  the 
foltowhig  year,  (Jen.  Sullivan    passed    tlirough   their  villages  like  an 
HViMighiK  Ang(*l|  chMtroyingy  with  fire  and  swoixl,  warrior  and  wigwam, 
rot'ii'flrlil  iiud  (*ouii('il  lodge.     For  a  full  month  an  army  of  4000  men 
Wftro  \t\\r.y  In  m*<M)nipliHliing  the  destruction,  and  from  \yyalusing  to  the 
^i^tni'^m  iumI  ( 'uyugii  Lukt's  every  hut  and  wigwam  was  given  to  the  flamw. 
A I  onit  Indian  (own,  ilihvn  hundre<l  peach-trees,  bending  under  their  1oq<1 
of  i'ipiMihip^  (Vnil,  wnv  hewn  down  by  the  fell  axe  of  the  destroyer.    Did 
fhit  Indiiin  (ntditions  and  misfortunes  live  in  history  in  comparison  with 
oMU|  il  io  li  qniviiion  on  which  side  would  lie  the  heaviest  account    But 
llij^  doi'n  not  Juntily  (lie  motions  of  a  Christian  nation,  who  paid  the  blood- 
lldiniy  btiviign,  tivrt*  burning  for  revenge,  a  price  for  white  scalps  mdis- 
i:i ihiinahily,  -whether  taken   from   the  yeoman  in   battle  or  from  the 
innou:nl  omtniumt.s  of  some  peaceful  cabin  in  the  dead  of  night. 

GENERAL  TOPOGRAPHY  OF  THE  VALLEY. 

|<'roni  Pranpect  Rock,  overlooking  the  valley  from  the  rear  of  Wilkes^ 
hiirnt,  a  lino  view  is  presented.  The  plains  and  hills  on  each  side  of  th^ 
ri  Via*  sprtttid  out  like  a  picture  below,  dotted  with  tOAvn  and  village,  colliery 
and  iiirm ;  diversified  with  grove  and  homestead,  swelling  hills  and  gentle 
lale^i  and  animated  by  the  moving  panorama  of  a  busy  multitude.  Here 
now  rushes  the  iron  horse  along  his  shining  track;  there  creep  the  boat^ 
men  along  their  silvery  path ;  and  on  every  side  arises  the  steam  of  the 
lulMiring  engines  whicli  draw  from  beneath  those  attractive  scenes  the 
hidden  wealth  which  makes  Wyoming,  perhap,  the  richest  vall^  onder 
the  sun. 
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3  scene  from  Prospect  Rock  is  given  in  a  former  chapter,  ia  connoor 
nth  oar  account  of  the  discovery  and  use  of  coal  in  the  valley. 
r  we  ^ve  a  view  of  Campbell's  Ledge,  opponte  Pittston,  which 
ilj  commands  a  fine  prospect  both  down  the  valley  proper  and  up 
Achawanna,  but  is  in  Itself  a  picturesque  olgect,  and  offers  a  good 
itjon  of  the  formation  of  the  rocks  imderlying  the  coal  d 


:  the  foot  of  Campbell's  Ledge,  the  Snaquehanna  breaks  tlirougb  the 
Shawnee  Mountain  from  the  uorth,  and  glides  gracefully,  with  a 
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sweeping  curve,  into  the  valley.  Here  it  is  met  by  the  tawny  waters  of 
the  Lackawanna,  which — pretentious  stream  as  it  is — scarcely  swells  the 
volume  of  the  noble  river.  From  this  point  the  Susquehanna  meanders 
lingeringly  down  the  vale  to  Xanticoke,  some  18  miles  fix>m  where  it 
enters ;  and  here  it  leaves  the  valley  again,  breaking  through  the  mountain 
barrier  on  the  same  side  it  entered. 

From  Xanticoke  the  river  runs  parallel  with  the  coal-field,  a  short 
distance  to  the  right,  and  in  the  soft  red  shales  underlying  the  con- 
glomerate, some  nine  miles,  to  Shickshenny,  and  here  again,  for  the  last 
time,  eroi*ses  the  extremity  of  the  coal-field.  But  here  the  outcropping 
coal,  which  lie  over  a  thousand  feet  below  the  bed  of  the  river  at  Nanti- 
coke,  is  two  hundred  feet  above  it. 

The  Lackawanna  comes  doii^'n  firom  the  east  through  the  upper  portion 
of  the  coal-field  and  joins  the  Susquehanna  at  Pittston,  or  the  foot  of 
Campbell's  Ledge,  as  mentioned  above, — ^traversing  a  distance  of  about 
25  miles. 

The  mountains  enclosing  the  great  valley,  or  basin,  are  parallel  for  a 
distance  of  50  miles,  and  distant,  from  crest  to  crest,  about  four  miles;  but 
at  each  extremity  they  meet  or  terminate.  On  the  northern  side  runs  the 
Siiawnce  range,  and  on  the  south  is  the  Wyoming  Mountain:  the^yyomiDg 
Valley,  therefore,  is  the  proper  name  for  the  entire  basin.  The  Lacka- 
wanna seems  to  be  a  misnomer  as  a  general  cognomen,  though  locally 
a])plical)lc  as  the  bed  of  the  stream ;  while  the  use  of  Lackawanna  instead 
of  Wyoming,  as  a  distinctive  name  for  the  northern  anthracite  ooal-field, 
is  unwarrantable. 


THE  TmRD,  NORTHERN,  OR  WYOMING  ANTHRACITE  COAL-FIELD. 

This  Ls  the  largest  of  the  anthracite  basins  of  Pennsylvania.  The  latest 
and,  we  think,  the  most  reliable  computation  gives  it  an  area  of  198  sqoare 
miles,  or  126,720  acres.  Its  length  is  over  50  miles  from  a  point  opposite 
I^ench  Grove,  which  is  a  short  distance  below  Shickshenny,  to  a  point  some 
five  or  six  miles  east  or  northeast  of  Carbondale.  Its  maximum  breadth 
is  over  five  miles,  and  its  mean  not  less  than  3},  or  nearly  four  milea. 

The  general  form  of  the  field  is  that  of  a  long,  narrow^  trooj^like 
basin,  deep  at  its  lower  or  western  extremity  and  shallow  at  its  upper  or 
eastern  end.  It  is  not,  however,  straight,  or  perfectly  parallel  along  the 
lines  of  its  axis,  or  strike,  but  has  a  gradual  curve  from  end  to  endy  in  the 
form  of  a  crescent  or  slightly-bended  bow,  curving  on  a  radius  of  about  60 
(legre(»s, — the  eastern  horn  pointing  at  Carbondale  N.  20  d^reea  E.| 
and  the  western  horn  at  Shickshenny,  S.  20  degrees  S.  of  W,  At  both 
extremities  the  coal  measures  rise  gradually  to  a  point  far  above  water-level 
o]i  their  central  depressions,  in  like  manner  as  they  rise  along  the  aides  of 


as  a  basin  or  <lecp  lake,  not  only  vhen  the  coal  was  fonnc<I,  bnt 
iterior;  and  the  probability  is  that  but  little  if  any  coal  mpjs  ever 

on  the  suiToandiog  mountains.  Coal  was  originally  formed  in 
and  always  exists  in  basins;  and  wherever  the  conglomerate  pi'c- 
'idence  of  the  existence  of  a  basin,  there  coal  is  always  found.  There 
ly  cases  of  denudation,  but  they  leave  their  evidences  behind.  Ba^^ins 
cat  through  in  a  hundred  places  by  water,  but  there  are  always  por~ 
'  the  formation  left. 

w  we  present  a  view  of  Shickshenny,  and  on  the  next  page  a  general 
tioQ  of  the  Wyoming  or  northern  coal-field.  It  presents  at  a  glance 
3le  geology  and  peculiarittee  of  the  basin. 
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Tlie  accompanring  illuatration  prescnta  the  plan  or  area  of  the  ooal-field ; 
the  fonn  or  lay  of  the  coal  measures  leDgthwise,  or  from  east  to  west,  and 
the  form  of  the  intermediate  bsisius,  or  the  cross-aectiona  irom  north  to 
Boath. 


jMiaitixtti 


No.  1  i>  the  pUn  or  general 
luperficial  fonii  or  tli«  fielJ  or 
bsBin.  C,  at  the  eastern  end, 
la  the  location  of  Carbondale; 

5  repr?et?ati  Seranloo,  and  P 
.  tbcpnsiiioaof  rillston.     Hen 

iLu  EuaciUGhauna  tireiki 
through  the  Shawanee  Moon- 
luina  aad  enlera  Ihe  Tullrj, 
aiiU  iicre  Ihe  Lackawtntia, 
rii-ing  nboTe  Carbondale,  in  J 
nianinj;  h;  Scranion.  joins  ihi 
river.  About  nine  miles  below 
riitsloQ  is  the  location  of 
Wilkeabarre,  represented  b; 
W,  and  oppoaiie,  on  the  line 
or  thi!  Bloomsliurg  &  Lacka- 
wanna Railroad,  iaKingalon.f. 
A  shoti  distance  below  la  Tlj- 
moulh,  nearly  opposite  to  lb« 
Niinricoke  Itailroad,  and  the 
plnin:<  lending  over  the  moun- 
lains  from  the  Valley  of  the 
8uB<]u«hanna  to  the  Lehig1i> 
and  connecting  with  the  Lehigh 

6  S II  111)  u  eh  anna  Railroad. 
Below  n.  M  N,  is  the  1oc«- 

tion  of  Knnlicolte,  where  ihi 
Susquehanna  again  breiki 
through  the  Bbawanee  Miiiui- 
tains  and  leaves  Ihe  TiEtJ- 
Abont  nine  milea  to  the  ittsi 
of  Nan ti coke  Is  Shlekibeniif, 
outside  oT  the  ookl-Beld  ud 
near  its  western  eKlr«iutJ< 
Here  the  tlrer  kgaln  swetp> 
to  Ibe  sontb  and  eroRsM  the 
point  of  Ihe  buln,  bot  hen 
the  bed  of  the  rtTer  is  hoa 
one  hundred  to  two  hundred 
feet  below  the  ooal  meainree, 
as  represented  in  the  loBfi- 
tudinal  teo^on  of  tlte  tbm*- 

No.  2  it  a  lon^tndinal  He- 
tion  of  the  eoal  measure*  frea 

en^t  lo  west,  following  etoaelj 
the  plan  or  surface  as  giT«n  ia 


)ut  they  are  still  sliallow  compared  with  the  deep  basins  below  'Wilkesbarre.  In 
ity  of  Scranton  the  total  thickness  of  the  coal  measures  is  about  600  feet,  and  ire 
the  deepest  basins  aboye  Pittston  will  not  be  over  800  feet,  while  in  the  district 
ilkesbarre  they  are  from  1000  to  1500  or  perhaps  2000  feet  deep, 
rerse  sections,  Nos.  8,  4,  6,  6,  7,  and  8,  represent  the  dips  and  intermediate  basins 
kt  different  points  across  the  field. 

represents  the  basin  at  Carbondale,  its  eastern  extremity,  where  the  angles  are  low 
coal  comparatively  near  the  surface.     Here  the  upper  seams  or  Teins  do  not  exist, 
one  or  two  of  the  lower  ones  are  found  in  a  workable  condition;  but  generally 
I  are  productiye,  easily  mined,  and  the  coal  is  good. 

represents  a  cross-section  at  Scranton,  where  the  measures  are  more  regular  than 
farther  west,  and  perhaps  less  deep  than  at  certain  points  farther  east ;  while  the 
r  dip  are  more  uniform  and  low.  The  angles  of  dip  vary  considerably,  but  may 
I  as  a  mean  between  S°  and  10^. 

is  a  section  across  the  field  at  Pittston,  east  of  the  point  where  the  Susquehanna 
te  valley.  The  undulations  on  the  south  side  of  the  Lackawanna  are  very  irregular 
ertain ;  the  dips  are  to  all  points  of  the  compass,  and  the  basins  comparatively 
On  the  north  side  of  the  Lackawanna  there  has  been  but  little  development  made, 
leasures  are  more  regular,  and  have  a  general  inclination  from  the  top  of  the  moun- 
.  of  Campbeirs  Ledge  down  to  the  Lackawanna,  with  an  angle  of  about  5^.  This 
uniform  angle  varying  from  6°  to  12°  is  general  along  the  northern  edge  of  the 
xcept  at  a  few  points ;  one  of  these  is  behind  West  Pittston,  and  another  below 
$nny,  as  shown  in  No.  8. 

represents  a  transverse  section  in  the  vicinity  of  Wilkesbarre.  The  section  is  too 
portray  correctly  the  basins  and  angles,  but  conveys  a  general  impression  of  the 
ons.  We  will  give,  farther  on,  a  more  correct  delineation.  The  same  general 
are  noticeable  here  as  at  Pittston.  The  undulations  are  greater  on  the  southern 
.  northern  edge  of  the  field.  In  fact,  the  angles  of  dip  beneath  the  Wyoming 
a  are  much  greater  here  than  at  Pittston,  but  the  axes  are  regular,  running  east  and 
d  the  dips  more  uniformly  north  and  south. 

is  a  cross-section  below  Nanticoke,  and  represents  some  of  the  sharpest  or  most 
ingles  of  dip  found  in  the  valley,  with  the  exception  perhaps  of  a  few  localities  to 
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illnstrationffy  we  hope  a  good  general  impression  of  the  fi>rm  and  featnrcs 
of  the  Wyoming  Valley  and  basin  may  be  obtained. 

A  great  portion  of  the  coal  of  the  northern  field  is  accessible  by  shallow 
shafting, — ^perhaps  two-thirds  of  the  entire  amoant  All  the  coal  above 
or  east  of  Pittston,  and  fully  one-half  below,  or  west^  can  be  obtained 
within  an  average  shafting  depth  of  400  to  500  feet,  or  within  800  ftet  as 
a  maximum.  This  may  be  considered,  as  eminently  available^  when  com- 
pared with  many  of  the  European  coal-fields,  or  as  compared  with  the 
greater  portion  of  the  deep  coals  of  Schuylkill  county. 

But  little  of  the  Wyoming  or  Lackawanna  coals,  however,  can  be  ob- 
tained by  drifting  above  water-level,  though  much  of  the  coal  on  either 
ctlge  of  the  basin  really  exists  above  it.  The  conformation  is  such  that  the 
real  is  not  accessible  by  drifting  on  the  strike  of  the  veins,  since  they  are 
not  often  exposed  across  the  axis;  the  inclination  of  the  covering  strata 
being  parallel  or  on  a  plane  with  the  coal,  and  tlie  form  of  the  valley  con- 
forms to  the  shape  of  the  coal-basin  beneath.  Therefore,  the  coal  whidi 
lies  above  water-level  can  only  be  reached  by  long  tunnels  or  short  shaib. 
There  are  notable  exceptions,  however,  as  may  be  found  at  Nantiooke  and 
the  western  extremity  generally,  though  but  little  developed;  at  the  old 
Baltimore  mines,  and  on  the  property  of  John  T.  Everhart,  ncxTtheastof 
Pittston,  the  same  facilities  exist  for  mining  above  water-leveL  Bot 
generally,  as  we  before  observed,  most  of  the  coals  of  the  northern  field 
are  more  accessible  by  shafting  than  by  any  other  mode.  We  include 
slopes,  which  arc  but  inclining  shafts,  in  the  same  category;  though  this 
mode  is  only  available  at  a  few  localities  in  the  vicinity  of  and  beloif 
Wilkesbarre. 

The  accompanying  columnar  or  vertical  sections,  through  the  coal 
measures,  at  three  different  points  in  the  basin,  will  enable  us  to  present 
several  interesting  subjects  in  connection  with  the  veins  and  the  measun^ 
in  a  clear  and  definite  form.  They  show  the  relative  depth  of  tlie  basin 
at  the  points  distinguished;  the  sizes  and  number  of  veins;  the  order  of 
tlieir  existence  or  po:^ition,  and  their  identity, — ^which,  we  believe,  has 
never  before  been  attempted. 


THE  LACKAWANNA  REGION.— CARBONDALE  DISTRICT. 

The  accompanying  section.  Fig.  23,  shows  the  depth  of  the  coal 
measures  at  Carbondale,  the  number  of  veins,  and  the  thickness  of  oo«l 
which  they  contain.  The  figures  represent  feet ;  those  in  the  body  of 
the  column,  the  thickness  of  the  intervening  slates  and  sandstones,  and 
those  on  the  left,  under  the  letters,  the  thickness  of  the  respective  vanB 
opposite.  The  letters  are  chosen  to  distinguish  the  veins,  instead  of  the 
names,  which  change  with  every  locality.     We  shall  thus  be  enabled  to 
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revent  confosioii,  and  always  represent  the  same  bed  by  tlie  same 
baracter  whenver  fbuod.  E  is  tbe  fifUi  vein  from  the  oonglomerate,  aa 
^  _  ^  a  general  rule,  in  every  part  of  each  anthradte  field. 

There  is  but  little  variation  from  this  mle,  and  lume 
where  the  seams  are  r^ular  and  not  divided. 

At  this  point, — that  is,  near  tbe  eastern  extremity  of 
the  laokawanna.r^on, — the  lower  veina  do  not  de- 
velop in  workable  dimenuoDB,  and  D  is,  perhaps,  the 
lowest  workable  bed  developed.  £  ia  the  great  Carbon- 
dale  bed,  aeam,  or  vein,  and  is  synonymous  with  tbe 
Sorantcm  G  vein,  the  Fittston  14  ieet,  the  Baltimore 
vein  at  'Wilkeabane,  and  the  Mammoth  vein  in  the 
Schnylkill  region. 

Vein  F  is  generally  small  in  all  tbe  anthnuite  regions, 
vatying  fttim  3  to  6  fret. 

We  premm^  the  sina  here  given  to  be  the  mazimnm 
cHmensions  of  the  C^bondale  bSbjob,  There  is  some 
doubt  of  the  existence  of  F  in  this  portion  of  the  r^on, 
■nd  F  here  is  what  we  have  elsewhere 
given  as  G,  or  tbe  Scranton  E  vein, 
whidt  it  nearly  lepreaenls.  Theamonnt 
of  'workable  ooal  in  this  section  is 
about  20  ftet.  Lower  down  the  lacka- 
wonna,  at  Archibald,  Olyphant,  and 
Providence,  the  veins  are  more  nume- 
rous, and  the  measures  deeper,  but  we 
do  not  find  E  at  any  point  in  this 
region  larger  tlmn  at  Carbondale.  This 
fact  suggests  the  inference  that  veins  E 
1  L  E,cci  OH  AT  and  D  are  ^j^re  included  in  the  24  feet 
of  vein  £,  as  given.  It  is  very  difficult 
'" commence  the  identity  ot  tbia  point,  since  the  measurcfl, 
^liich  at  Scranton  are  from  500  to  700  feet  thick,  are  here 
"niy  I'^O  to  200  feet  in  thickness;  and  consequently,  tlic 
vHm  are  thrown  closer  together.  We  may,  therefore,  be 
•^fc  in  stating  that  the  veins  which  we  give  as  E  and  F 
'^  identical  with  the  Scranton  veins  locally  named  E, 
''i  and  H,  and  with  those  on  our  section  of  the  Scranton 
•iistrict,  named  D,  E,  and  G. 

We  give  below  the  size  and  character  of  the  Carbondale 
W,  with  its  bone,  slato,  and  partings ;  premising,  however,  that  we  believe 
itto  be  a  combination  of  our  Mammoth  and  Skidmore,  or  veins  D  and  E 
tf  our  nomenclature,  or  perhaps  F,  E,  D,  and  C. 
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SCaAXTON  DISTRICT  OF  THE  LACEAWAXXA  COAL-KEGION. 

The  Lackawanna  coal  region  is  thtf  eastern  portion  or  half,  or  : 
Xortiiem  authracitG  coal-field.     The  Scranton  district  waa  the  lost  io  t 


coal-field  to  be  devclopod,  as  the  Carbondale  district  was  practically  tJ 
first;  but  at  present  it  is  firet  both  in  regard  to  the  atate  of  devclopmc 
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Rmoant  of  prodnotion.     The  Wyoming   district  -wbb   partially 

d  aa  early  as  1820;   the  Carbon- 

rict  in  1829;  the  Fitteton  in  1840, 

r;  and  the  Scranton  in  18551   Yet 

Tprise  and  energy  here  displayed 

rown  all  other  districts  into  the 

otwithfitanding  the  cotupitnitively 

loe  of  time  in  which  the  work  baa 

16. 

niners  and  coal-opemtora  of  this 
labor  nnder  some  disadvantages, 
advantages  here  offered  more  than 
alance  these,  objections.  The  veins 
b  deteriorated  by  the  numerous 
'  slate,  bone,  and  other  imparities 
e  intercalated  with  the  coal.  These 
ffiously  interfere  with  the  work  of 
;  aoc^tablc  or  merchantable  coal, 
idy  increase  the  labor  of  mining, 
,  and  sqnration.  But,  on  the  other 
e  coal  is  obtained  at  a  moderata 
Dm  die  8ur&ce,  and  the  low  angle 
pproaching  the  horizontal,  enables 
T  to  put  his  coal  into  the  drift  or 
s  direct,  and  thus  obviates  all  extra 
;.  Coal-seams  which  approach  tlie 
il, — or  from  5°  lo  10"  of  dip, — 
e  which  have  an  niiglcof  from  35° 
in  be  operated  with  more  economy 
ise  which  vary  to  a  greater  or  less 
'hen  not  offccted  by  circumstances 
3rent  nature.* 

I  be  noticed  in  the  accompanying 
section  that  the  nioasnrcs  at  Scran- 
much  dee])cr  than  at  Carbnndalc, 
the  veins  are  deposited  in  a  greater 
5  of  inter\'ening  strata;  but,  coni- 
ho  section  at  Scranton  with  that 
sbarro,  we  iind  a  still  greater  dif- 
The  depth  at  Scranton  is  less  than 
;  at  Wilkcsharro  it  is  over  1000  feet. 

ubjecl  will  be  riill;  dWui^^cd  under  tbo  head  of  "eaoDomical  □ 
>r  fear  of  miHcancrptioD. 


m 


'VtlM  ANTURACITE  COAL-FIELDS  OF  WESSSTLVAXlk. 


'|1it«n>  in  IH>  iliflit-alty  in  identifying  the  reins  here  with  those  of  otha 
|HkHitii|ii  111*  till'  Hullinu'ite  i.iinI-6cltK  Most  nf  the  important  seuns  found 
t>U>\\li(>n<  »rv  liei>*  developed,  tliough  in  lees  dimensions  than  tbey  issonie 
)M  H  tii-tu-nil  ruW  in  other  Kgioii». 

t'liv  iidtiil^  ft^DW  of  the  Scnnton  district  have  adopted  a  local 
lMmtoiioIt«liin>  uf  their  own  to  designate  the  seams.  We  have  lettered  die 
tN<«l,  tV\>iti  iK»  n^nghHnentte  upwards,  progressively,  aa  the  only  practicable 
hukIo  wl)i(-h  IB  •(■fJinbltf  generally.  The  seams  which  are  sometinK^ 
tt'UtuI  luttitlv  in  iW  woj^lomerate  we  have  not  incioded,  since  their  cxiat- 
«uhv  M  |>r\\iMnuMf  mhI  their  extent  and  localities  are  uncertain.  We  find 
»n«ii\'  >■('  th^w*  U'lWT  bwls  in  the  Northern  coal-fields,  except  a  \'ery  email 
w»*\  |vi1k>[Wi  b*«wv\'a  the  upper  and  lower  conglomerate,  near  Scranton. 

\v  ?^-tHat\<tu  thtf  seams  are  lettered  from  the  top  downwards,  though 

itttiv  u  '«>«w  tUKCftainty  where  to  nmkc  the  commencement.     The  "big 

vein,"  hoM'evcr,  is  always  designated  as  G,aiul 

*"'  from  this,  as  a  base,  those  above  and  below 

are  enumerated. 

The  upjiermost  seam  developed  as  workable 
coal  at  Scranton  is  I,  corresponding  to  tbe 
Scranton  C;  and  as  they  have  named  the  coals 
from  the  top  downwards,  and  we  from  the 
bottom  upwards,  the  identity  is  thus: — OurH 
is  Scranton  D;  G,  or  Primrose,  is  Scranton  E; 
F  is  the  same  in  both  columns;  E,  or  tbe 
Kfammoth,  is  their  G ;  D,  or  the  Skidniore,  u 
the  Scranton  H;  C  is  Scranton  I  vein;  B,of 
Buck  Mountain,  is  their  K;  J  being  omitleil, 
though  it  exists  as  a  small  unworkable  scan, 
and  is  the  lowest  vein  named. 

E  and  G,  or  the  Primrose  and  the  Mam- 
moth, are  the  two  principal  beds,  and  those 
chiefly  worked.  These  veins  vary  ctMisiHa'- 
ably.  The  Mammoth,  or  E,  ranges  from  13 
to  24  feet,  and  the  Primrose,  or  G,  from  10  to 
16  feet. 

The  figures  on  the  left  of  the  accompanying 

illustration,  Fig.  2G,  denote  the  thickness  in 

feet  and  inches  of  the   benclies  or  bands  of 

HnTH,o*  a.«T  coal,  bone,  and  slate  which  constitute  the  seam, 

or  about  21  feet  total  thickness.     This  repre- 

Mentation  of  E,  or  Scranton  G,  is  from  the  Bellevue  Mines,  belonging  to 

(lu!  Delaware,  Lackawanna  &  Western  Railroad  Company.    It  is  in  its 


tBmj  CoaL 
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Dom  dimcnBions  and  best  condition.    We  give  in  the  follou'ing  notes 
B  and  conditiuu  of  tliia  bod  at  other  points, 


COAL   EECT10S3  AT   SCHASTON. 


S,  or  G,  at 

Xo.  1 

Shafl. 

PL 

Id. 
0 

6 
I 
0 
6 
0 
0 
C 
7 
2 
4 
9 
& 
3 
0 

ra  BED. 

Coal. 
Slato 
Coal. 
Sloto. 
Bone 
Coal.. 

Co»l. 
Coal- 
Slate. 
Coal. 

E,  or  0,  at  No.  2  Shaft, 

Ft. 

0 

6 

Joal 

1 

0 

0 

5 

Total 12 

E,  or  G,  at  Rocht^R. 

fl 

.      0 

J 

ktfl 

„ 1 

Total 

C«d" 

....    18 
12 

Slate. 
Co.ll.. 

8 

TiJtal 12 

*  J 

M'orliuble  Co«l 10 
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SECTIOXS  OF  OTREB  SEAMS. 

Fig.  28  is  a  Bcction  of  Scmnton  D  vein,  or  our 
H,  which  lies  above  tlic  Primrose,  and  corn^ 
Bponds  with  the  Orchard.  This  section  is  from 
the  BcllcvUG  mines,  and  is  not  worked;  at  other 
points  it  is  found  in  a  workable  condition,  and 
ranges  from  five  to  seven  feet  in  thickneas. 

Fig.  29  is  F,  lla^'ing  the  same  denomination  in 
both  nomenclatures,  and  corresponds  with  the 
Holmes,  which  lies  between  the  Mammoth  anil 
the  IVimrow.  Tliis  section  is  from  the  Diamond 
Miiii.<s,  and  is  nrar  its  average  proportions  and 
<.\>iulition  in  the  Scranton  district. 

Figs.  SO  and  31  arc  I  and  K  at  Scranton,  and 
C  and  B,  as  wc  have  namoil  them,  and  as  appear 
on  their  face.  Fig.  "1  corresponds  to  the  Bock 
Mountain  vein,  which  will  be  found  fully  exem- 
plified in  other  rcf^ioiis. 

The  highest  vein  at  Scranton  is  C,  or  I  of  oqt 
Bcalc.  The  aoconipanyiug  notes  show  ite  size  and 
character. 

/,  or  C  at  Diamond.  fl      h. 

Bony 2        0 

Oo:iI 2        0 

Bony 1        0 

CoJ 2       0 


Coal... 

Ooul... 
Slate.., 
Coal... 
Slate... 
Coal... 


D,  or  IT,  at  Bcllcrw. 


Fl. 


Scam  T>,  or  H,  lies  under  the  Mammoth,  ami 

corresponds  with  the  Wharton  or  Skidmore.    IB 

size  in  the  Scmnton  district  %-arie8  from  sevai  to 

nine  feet,  as  a  mean,  but  sometimes  it  is  much  less.     C  and  B  are  worked 

Mid  tued  as  furnace-coals  by  the  I.^<'kawnnna  Iron  Company. 

The  total  thickness  of  the  workable  H<.<anis  at  Scranton  is  about  62  feA; 
but  of  this  thickness  not  less  than  20  feet  are  rejected  as  refuse  or  oon- 
•idcrcd  unworkable,  which  reduces  the  amount  of  productive  cool  to  43 


DUe  irequentiy  pursued  ot  nnaing  tnc  total  worRmg  tmcRness  ot 
estimating  its  productibility  over  the  entire  area  of  the  field  or 
seldom  practicable.  In  deep  basins^  where  the  veins  dip  at  a 
le,  the  total  thickness  will  often  more  than  cover  the  area  of  the 
but  this  is  oftcner  the  exception  than  the  rule, 
mposition  of  the  sedimentary  strata,  or  the  materials  constituting 
neasures  at  their  eastern  extremity,  is  finer  in  grain  and  appear- 
1  near  the  centre  of  the  basin  at  Pittston  or  portions  of  the  field 
)wn.  It  would  appear,  from  these  circumstances,  that  the  current 
;  the  sediment  of  tliis  portion  of  the  coal-field  came  from  the 
t  the  inference,  from  the  nature  of  the  sediment,  would  be  that  it 
Q  some  central  portion  of  the  field. 

is  no  evidence  of  a  rapid  current  flowing  east  from  Pittston,  but 
f  one  flowing  west. 


PITTSTON  DISTRICT. 

3rtion  of  the  coal-field  lies  indefinitely  between  the  Lackawanna 
ming  regions,  and  in  the  vicinity  of  the  junction  of  the  Lacka- 
th  the  Susquehanna,  at  the  entrance  of  the  latter  into  the  valley. 
&1  measures  are  more  disturbed  and  irregular  in  this  locality  than 
her  portion  of  the  field.  The  veins,  of  course,  pattake  of  the 
uences,  and  are  found  dipping  to  every  point  of  the  compass; 
therefore,  not  as  reliable  nor  as  economically  mined  as  in  the 
form  portions  of  the  field.  Grenerally,  the  formations  of  the 
anthracite  fields  are  remarkably  uniform, — much  more  so,  in  fact, 
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There  are  some  peculiarities  in  this  district  and  vidni^  whidi  claioi 
our  attention.  First,  the  intermediate  basins  are  irregular,  and  the  iioiibni 
eaat^and^west  axis,  which  prevails  generaliy  throughout  the  field,  ig  inter 
rupted  by  frequent  swells.  These  basins  are  less  elongated  or  troagh-lika 
and  more  elliptical  and  round, — more  fivquent,  and,  of  oHirse,  more  cm 
tracted  in  area.  There  is  no  uniform  dip  and  strike,  but  the  undnlatkn 
of  veins  are  in  all  direGtions.  To  this  rule,  however,  there  are  notaU 
exceptions,  as  we  before  stated;  and  one  of  these  seems  to  be  on  the  dwI) 
side  of  tlie  Lackawanna,  where  the  measures  show  a  long  stretch  of  gend; 
inclining  south  dip. 

The  second  peculiarity  which  we  note  is  the  exceeding  coarseness  a 
grain  prominent  in  the  coal  measures  in  the  Pittston  district.  Thoe  ar 
localities  in  both  the  first  and  middle  coal-fields  where  the  same  coanenei 
exists;  but  in  the  Northern  coal-field  we  have  nowhere  else  noticed  thi 
prominent  feature  of  the  Pittston  district. 

A  third  peculiarity  exists  in  the  frequent  eroahru  or  denndstioa  of  thi 
coal-seams  to  a  great  depth  in  this  locality.  At  a  depth  of  from  100  b 
160  feet  from  the  sur&ce,  the  measures  have  been  removed,  in  cetttoi 
localities,  and  their  place  filled  with  sand  and  boulder-stone. 


The  accompanying  illustration,  figure  32,  will  convey  an  idea  of  thi 
form  of  denudation.  Its  locality  is  nearly  opposite  the  entrance  of  th 
Susquehanna  through  the  mountain  into  the  valley.  It  does  not  seem  ti 
be  the  regular  bed  of  a  channel,  but  rather  the  effect  of  rushing  and  n 
bounding  waters  since  the  formation  of  the  coal-beds;  and  the  portion 
swept  away  may  be  taken  as  an  evidence  of  the  violence  with  which  th 
river  first  made  ita  entrance  into  the  valley.  The  same  evidence  of  vio 
Icnce  exists  in  the  denudations  of  the  strata  at  many  points  in  the  vicioit 
of  the  present  bed  of  the  river,  from  Pittston  to  Kingston,  which  may  b 
noticed  in  our  transverse  section  illustrating  the  basin  at  or  near  Wilkec 
barre.  These  erosions  can  only  be  explained  as  the  effects  of  the  violenc 
of  the  waters  of  the  Susquehanna  at  an  early  period,  yet  long  after  th 
formation  of  coal.  It  does  not  appear  that  the  river  broke  through  th 
huge  Sliawanee  at  one  violent  effort,  bat  rather  on  the  slow,  eating  prin 
ciple  of  the  cataract,  which  would  have  just  the  effect  which  we  fin 
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mltang,  ainoe'  the  precipitated  waters  would  cut  away  the  comparatively 
ft  rocks  of  the  coal  measures  to  a  considerable  depth  and  great  distance.' 
There  is  some  probability  that  the  waters  of  the  basin  or  ancient  lake  in 
bidi  this  coal  was  formed  came  into  the  valley  at  the  point  now  occn- 
ed  by  the  Susquehanna.  Only  on  such  an  hypothesis  can  we  account 
r  the  peculiar  coarseness  of  the  deposits  and  the  irregularity  of  the  basins 
Te,  while  the  sediment  diminishes  in  amount  and  in  coarseneas  of  terture 
Bt|  and  increases  in  amount^  though  not  in  coarseness,  we^ 
We  have  not  been  able  to  obtain  a  reliable  vertical  aeoticn  in  the 
ittaton  district.  The  only  parties  in  possession  of  the  inftnnatioii  aocess- 
le  were  the  Pennsylvania  Coal  Company,  and  thqr  refhse  to  impart  it 
rom  the  fiusts  ascertained,  however,  we  do  not  consider  the  total  thickness 
'  workable  coal  to  be  as  great  as  it  is  in  the  Scranton  district. 
We  can  furnish  nothing  reliable  concerning  the  measures,  or  the  coal 
ilow  the  Pittston  or  14-foot  vein,  whidi  corresponds  to  B,  or  the 
[ammotlu 

SecHon  ai  No.  6  Shafts  Penntj/lvaima  Goal  Cbrnpoiw. 


Sur&ce 18  0 

Bock SO  0 

Slate 5  0 

Conglomerate  and  sandstone 15  0 

Coel 0  6 

Slate 42  0 

Fire-clay % 2  0 

Rock,  coarse 20  0 

Slate 3  0 

Coal 8  6 

Fire-clay 1  0 

Rock 62  fi 

Coal,  checkered  and  bony  (not  worked) 6  0 

Rocks  and  coarse  sandstones ...113  0 

Slate  and  bone 5  0 

Coal  (bed  E) 14  0 


Continued  from  a  Section  taken  above  PUtnton  on  other  land. 

Oray  rock,  coarse 35  0 

Coal,  7  to  9  feet,  D 8  0 

Slates  and  sandstones 60  0 

Coal,  8  to  5,  0 6  0 

Slates  and  sandstones 60  0 

Coal,  B _8  0 

U 
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We  illustrate  the  Pittston  14-feet,  or  Mammoth,  with  twos 
in  its  maximum  and  the  other  in  its  minimum  condition.    We  note  in  figure* 
several  other  sections  in  the  same  vicini^. 

Fiai-tSaadU.         E  Bed,  or  PitMon,  J4/eet,al  ike  Ro^hamdlUiMfy  OoHierji. 

FmL  iMhH. 

Coal,  ooareo  rider 1  0 

8Ule 1  6 

Coal 4  e 

Bone 0  3 

SUte 0  6 

Coal ^  0 

Workable  coal,  7  ft.  6  io. 


E  or  Pitlitm  bed,  at  tTie  Buller  CoHicry  in  PUUIoh. 

Top,  slate  and  randstonc 

Coal,  rider,  coarse I  6 

Slate 0  3 

Coal 7  0 

Bone 0  2 

Coal,  extra 2  0 

BoneandElate 0  8 

Checkered  coal 1  * 

Coal ^  _0 

Workable  coal,  13  A.  6  in. 


NOTi.— Th«  npp«r  BC«tion  is  from  Ibo  Tvino  Bhttfl,  «boTe  PitUtom,  uid  thi  \owvt  MCtioi 
from  th«  Tompkiiu  ahatl,  below  Pittston. 

The  depth  of  the  measures  in  the  vicinity  of  Pittston  is  not  over  five 
hundred  feet  generally,  and  rather  less,  as  a  rule,  than  in  the  Scnuiton  diti- 
trict;  though  there  may  be  localities  where  the  measures  will  exceed  71X1 
feet  in  thickness. 

The  Pittston  coals  arc  not  as  hard  as  the  coals  in  the  lower  end  of  tbf 
hasin,  nor  aa  tenacious  as  the  coals  of  tlie  Seranton  district;  but  they  an 
considered  by  some  a  better  steam  coal  thau  the  former,  while  tbey  contain 
less  ash  than  the  latter. 


THE  WTOMINQ  REGION  PKOPER. 

We  include  under  this  head  all  the  lower  or  western  end  of  the  Northern 
coal-field,  from  an  indefinite  point  near  Pittston,  to  Shiokshamy.  It 
comprises  the  most  valuable  portion  of  the  field,  containing  the  beat  ooil 
and  the  hirgest  amoauf  of  it.    The  seams  at  present,  along  both  edges  of 


m 

'Ae  field,  are  tamlj  aooeenble,  and  will  be  productiv«^  Ht  modentfi  dqitlM, 
tat  a  loag  period ;  bat  eventually  deep  phaftipg  will  bare  to  be  resorted  to 
in  the  central  portions  c^  the  vaile^. 

The  aooompanying  transverae  section  iilustntea 
genoaUy  the  form  of  the  basins,  axes,  or  tindn- 
lationa,  which  have  a  oniibmi  coons  neariy  east 
aod  west;  while  the  dips  are  eqaally  snUbnn 
nwth  and  sonth. 


VILEESBABBB  DI8TBICT. 

Tlie  accompanying  iUnatration,  Fig.  36,  of  Hm 
Wilkesbarre  basins  ^ves  a  good  general  imprea- 
sion  of  their  form  and  features ;  bat  it  is  Ir^  no 
means  exact  in  proportion  or  measamnent.  It 
is  an  ideal  section,  formed  from  such  data  as  were 
acoeeeible.  We  may  point  out  a  few  errors  which 
thoee  piBctically  famjliwr  yn&  the  distriot  will 
detect.  The  namber  of  basins  between  Wilkes- 
barre  and  the  moantain  is  uncertain,  but  diey 
run  deeper,  in  all  probabili^,  than  the  section 
indicates.  Our  artist,  though  verj  akilfhl,  has 
transpoeed  the  seams,  as  may  be  noticed,  in  anssing 
the  baun,  and  has  placed  more  veins  on  the  sonth 
than  the  north  side.  Otherwise,  the  illustration 
conveys  as  correct  an  impression  of  the  coal- 
basins  in  the  Wilkesbarre  district  as  can  be 
furnished  by  the  present  state  of  their  develop- 
ment. 

For  the  infonnation  of  those  not  &nuliar  with 
the  re^on,  we  may  state  that  this  view  is  from 
the  west  towards  the  east.  Wilkesbarre  ia  repre- 
sented by  a  number  of  houses  on  the  right  or 
south  aide,  and  Kingston  by  a  large  house  on 
tlie  lefl  or  north  side.  The  white  dotted  space 
between  the  two  is  intended  to  illustTate  the 
erosion  or  denudation  which  has  taken  place 
gienerally  in  the  vicinity  of  the  river,  to  a  con- 
siderable depth,  &om  this  point  to  Pittston. 

The  probable  depth  of  the  ctmttal  portion  of 
the  basin  is  from  1000  to  1600  feet;  and  in  localitieB  between  Wilkeebarre 
and  Kantiooke  the  depth  ia  undoubtedly  greater.    The  first  seam  of  any 
note  ait  in  the  Dundee  shaft,  which  ia  nearly  o[^>osite  Plymouth,  is  about  , 


wo 
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700  feet  from  the  sur&ce.  This  vein  is  one  of  the  upper  onea,  as  Bbom  in 
the  aooompanying  vertical  section,  and  must  be  uearlr 
a  thousaod  feet  from  the  bottom  of  the  bwiin  at  that 
point.  The  depth  perhaps  of  the  larger  portion  of  the 
coal  on  each  Btde  of  the  central  basins  is  ndthin  7o0 
foet  of  the  sur&ce. 

In  figure  36  we  give  the  total  thickness  of  the  mea- 
sarca  at  about  1000  feet,  including  10  veins  of  work- 
able coal,  with  an  aggregate  thickness  of  from  80  to 
100  feet.  There  is  some  doubt  as  to  the  thickness  of 
the  lower  veins,  particularly  B  and  C,  whose  thickness 
we  have  not  given.  They  are  generally  estimated  to 
be  over  20  feet  respectively;  but  we  think  they  will 
eventually  be  found  Ic^.  We  are  aware  that  the 
Mammoth,  or  E,  folds  over  abruptly  in  some  localities, 
and  may  be  mistaken  for  an  underlying  vein ;  hut  it 
will  not  be  found  at  any  considerable  depth.  This 
feature  of  the  Mammoth  or  Baltimore  vein  is  fully 
developed  at  the  Hollcnback  mines,  now  operated  l^ 
the  Consolidated  Company,  where  the  slope  on  the  seam 
abruptly  terminates  and  the  bed  itself  toma  ba^  at 
nearly  the  same  angle.  It  would  coniiise  and  intemipt 
our  description  to  explain  this  feature  of  inverted  dipt 
here,  but  tu  another  place  these  irr^^larildea  o£  finna- 
tion  ^rill  be  fully  discussed  and  illustrated. 

Frof  Rc^rs  places  the  Baltimore  bed  £  m  tiw 
upper  seam  of  his  lower  series,  and  the  PitMon  &at- 
tecn-foot  vein  E  as  the  lower  bed  of  his  apper  mhcs. 
This  is  evidently  an  error,  as  it  is  now  poaitava  that 
those  two  locally  distinct  names  apply  to  the  Mine  von, 
and  that  the  Baltimore  vein  at  Wilkesbarre  ii  ajwrnj- 
moos  with  the  fourteen-fcct  vein  at  Pittston,  while 
these  are  in  turn  identical  with  the  Scranton  O  von 
and  the  Mammoth  or  E  of  our  nomenclatim^ 

There  is  more  uncertainty  about  the  veina  abore  the 
Baltimore  bed,  and  some  obscurity  attending  the  seami 
below ;  but  generally  they  can  be  rcot^nized  as  identical 
with  the  seams  at  Scranton,  or  thoee  of  Mahanoy  or 
Pottaville.  We  tliink  it  probable,  however,  that  the 
"  Primrose"  at  Wilkesbarre  and  Nanticoke  is  H  rather 
than  G,  and  that  both  F  and  G  are  between  the 
Mammoth  and  Primrose  at  Wilkesbarre.  It  is  known 
that  two  scams  exist  in  most  regions  within  this  ^M^ 
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but  one  of  them  U  generally  ao  small  as  not  to  merit  a  position  among 
workable  veins.  We  should  have  placed  all  the  seams,  bodi  small  and 
large,  in  our  vertical  columns,  instead  of  the  workable  seams  only,  if  it 
had  been  possible  to  obtain  the  necessary  data.  In  the  Pottaville  ooloma 
will  be  found  most  of  the  small  intervening  seams,  which  will  be  noticed 
particularly  &om  the  &ct  of  their  not  being  lettered  or  named. 

The  veins  in  the  Xortliern  coal-field  all  produce  a  white-ash  coaly — or 
those  which  have  been  worked  to  the  present  time.  We  do  not  know  of  a 
single  instance  in  which  tlie  apper  or  red-ash  seams  have  been  oporateil 
for  the  market.  We  think  it  probable  the  upper  seams  in  the  Wyoming 
r^oQ  are  of  the  red-ash  variety;  but,  though  they  may  be  identical  with 
the  red-ash  veins  of  the  Pottsville  district,  it  does  not  necessarily  follow 
that  they  must  be  red-ash  also,  since  the  causes  producing  the  coloring  of 
the  aah — the  oxide  of  iron,  &c — are  locaL 

One  of  the  lower  beds  in  the  Wyoming  region,  whidi  we  have  denomi* 
nated  B,  but  which  Rogers  and  others  identify  witii  the  Baltimore  bed  E, 
produces  a  red-ash  coal  fix)m  one  of  its  lower  benches,  which  is  a  die* 
tinguishing  feature  of  B,  wherever  fijund.  The  large  and  magnificent 
Grand  Tunnel  bed,  and  the  Lee  vein  at  Nanticoke,  are  identical  with  B, 


)r  the  oelebrafed   Buck  Mountain,     We  know  there  is  a  diversity  of 
opinion  about  this  matter;  but  we  tliink  the  iacta  are  positive 
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The  Baltimore  bed  E  depreciates  in  size  as  it  mns  weet,  but  preserves 
itR  excellence  and  purity;  while  the  Grand  Tunnel  vein  B  depreciates 
rapidly  in  both  size  and  character  as  it  spreads  east.  It  is  rathar  a  difficult 
matter  to  determine  whether  the  Patten  or  Bennett  vein  at  Plymouth  is 
the  Baltimore  or  the  Grand  Tunnel.  We  have  never  personally  examined 
the  Plymouth  district,  and  cannot  speak  from  experience  in  regard  to  this 
question. 

We  give  on  page  181  three  sections  of  the  Buck  Mountain,  Grand 
Tunnel,  or  B  vein,  as  operated  at  the  several  localities  in  the  western  end 
of  the  field.  It  will  be  found  to  correspond  not  only  in  each  locality  in 
the  Wyoming  region,  but  also  in  the  Jjchigh  basins. 

This  is  the  lowest  workable  vein  in  tlie  anthracite  coal-fields.  At  Nan- 
ticoke  its  position  is  clearly  defined,  as  resting  on,  or  nearly  on,  the  con- 
glomerate, but  underlaid  by  the  invariable  bed  A,  which  is  always  small 
and  always  on  or  in  the  conglomerate.  At  West  Nanticoke  the  same  con- 
ditions exist.  The  Harvey  and  the  Grand  Tunnel  mines  are  in  this  seam; 
and  here,  as  at  Nanticoke,  it  rests  on  or  near  tlie  conglomerate,  with  only 
one  small  seam  of  three  or  four  feet  below  it.  The  Baltimore  vein,  clearly, 
cannot  be  the  same,  since  there  arc  at  least  four  seams  beneath  it,  as  shown 
in  every  section  we  have  made;  and  our  data  are  in  all  cases  official,  and 
from  the  best  practical  local  sources. 

The  lower  benches  of  B  produce  a  red-ash  coal,  not  only  at  Nanticoke^ 
but  at  the  Lehigh  Buck  Mountain  mines,  and  wherever  the  bed  B  is 
operated.  It  is  distinguished  almost  invariably  bv  a  heavy  porting  slate 
which  divides  the  vein  near  its  middle.     This  will  be  noticed  in  every 

m 

section  we  have  given  of  this  seam,  except  at  the  New  Boston  mines,  on 
the  Broad  Mountain,  in  Schuylkill  county;  but  even  there  the  character 
and  appearance  of  the  coal  are  the  same. 

We  think,  therefore,  that  the  Grand  Tunnel,  or  Lee's  Nanticoke  vein,  is 
not  identical  with  the  Baltimore  bed,  and  that  it  probably  underlies  the 
Bennett  or  Patten  vein  at  Plymouth,  but  in  all  probability  much  deprc^ 
ciated.  In  no  part  of  the  valley  do  the  conditions  necessary  to  the  pro- 
duction of  coal  exist  more  favorably  than  in  the  vicinity  of  Nanticoke,  or 
between  that  and  Plymouth.  The  lower  veins,  therefore,  attained  a  larger 
size  here  than  at  any  other  part  of  the  valley,  or,  perhapSj  in  the  antliracite 
regions;  but  whether  the  succeeding  seams  were  formed  in  the  same 
proportion  does  not  appear:  they  have  been  denuded  or  carried  away  by 
the  rush  of  waters  through  the  Nanticoke  defile,  which  occurred  long  after 
the  formation  of  these  coal-seams. 

We  may  here  remark  a  general  law  of  those  early  formations.  In  all 
cases  where  the  basins  are  comparatively  shallow,  but  not  excessively  so, 
and  the  base-rocks  are  even  and  uniformly  laid  at  low  angles,  the  lower 
beds  are  large  and  productive,  but  the  upper  ones  seldom  appear,  simply 
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bBmOK  the  shallow  deptlu  of  the  nuMUTa  do  not  admit  of  tbsiribniiatioD. 
The  Gnnd  Tunnel  bed  ia  laid  on  a  gently  inclining  aar&ce,  whiob  nuut 
have  existed  at  no  great  depth  in  the  basin;  -when  followed  below  water- 
level,  the  dimenaions  and  general  chanujter  of  this  vein  depredate  rapidly, 
aa  demonstrated' at  Lee's  Nanticoke  mines;  and  the  probabilily  is  that  this 
vein  will  be  quite  lean  and  small  in  the  deep  basins  of  this  Ticiuity,  as  it  is 
fiurtlier  east. 

The  Baltimore  bed  was  at  fiiBt  worked  as  aa  tapea  mine,  or  qnany,  in 
the  vicinity  of  Wilkesborre,  where  it  is  vary  thick  and  productive.  The 
cliantcter  and  purity  of  its  coal  cannot  be  excelled,  and  are  only  equalled  l:ty 
some  of  the  Ashland  and  Lehigh  coals  from  E,  or  the  same  vein. 

Operations  on  the  Baltimore  bed  commenced  at  an  early  date,  and  moat 
(tf  the  coal  sent  from  the  Wilkesborre  district  has  been  -obtained  from  this 
van  alone :  yet  but  a  small  amount  of  its  area  has  been  extracted.  Few 
veins  have  been  more  productive  than  tliis.  It  is  from  18  to  24  feet  thkjt, 
and,  consequently,  yields  a  large  amount  of  coal  per  acre.  The  roof,  or  top- 
rock,  is  solid  and  substantial ;  the  amount  of  overlying  sur&ce  is  not  greet 
in  the  area  operated  on;  while  the  low  angles  of  dip  admit  of  the  coal 
being  worked  without  much  waste,  and  with  great  economy.  As  long  as 
this  vein  remains  productive  at  moderate  dqiths  from  the  sur&o^  the 
seams  below  and  above  it  will  remain  in  comparative  idleness,  or  in  an 
undeveloped  condition,  though  acme  of  them  ore  good,  reliable^  and  pro- 
ductive seams. 


The  Baltimore  or  E  vein,  at  "Wright's  mines,  in  Newport,  or  the  lower 
end  of  the  Wyoming  Valley,  is  rather  less  in  size  than  at  Wilkcsbarre; 
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but  the  ooal  is  excellent.     We  give  the  following  notes  -in  relation  to  its 
thicknesH. 

E,  at  WrigMt  Mnes,  Newport. 

FeeL       Xaehtt. 
To|>— hard  slate  and  Bandstones 

Coal,  rider,  good 1  6 

Bone  and  Blate 0  6 

Coal,  liolid  and  pure 10  0 

B<;fore  clofling  our  remarks  in  reference  to  the  beds  B  and  £,  we  are 
IkiuihI  to  my  tlicrc  is  something  inexplicable  to  our  present  comprehension 
in  tlic  Plymouth  district.  It  would  almost  appear  that  the  Baltimore  and 
mmui  nnd<*rlying  vein  united  there,  or  below  that  point,  to  form  the  Grand 
TuniKtl  InkI.  We  find  at  the  Chauncey  mines  of  the  Union  Coal  Compai^ 
tUti  (inind  Tunnel  vein  divided  by  5  feet  of  slate,  with  9  feet  of  top  coal 
and  10  i\*oi  of  l)ottom  coal;  while  at  no  great  distance  we  find,  at  the 
Hwittttlund  mim*h  of  Langdon  &  Co.,  a  ten-foot  upper  coal,  known  as  the 
( 'o4>|Ktr,  and  a  14-f()ot  lower  coal,  known  as  the  Bennett  vein,  divided  hf 
fUi  iiufi  of  uieaHures.  But,  as  we  before  observed,  this  district  is  a  tern 
iiu^'ignila  to  the  writer,  and  all  attempts  to  gain  information  fix>m  thoee 
who  ought  to  know  have  remained  unanswered. 

BBCTION  OF  FORMATION  AT  NANTICOKE.  AS  GIVEN  BY 

COL    WASHINGTON  LEE,  Sb. 

Feet.         Ineliet. 

Burfaco,  coal 4  0 

Coal,  Mlatcs,  sandstones,  and  small  seam  12  inches 100  0 

Coal 4  0 

Hltttcs  and  sandstones  (40  to  60) 40  0 

Coal 5  0 

Slates  and  sandstones 60  0 

Coal — Nanticoke  or  Primrose — G •?  0 

Slates  and  sandstones 100  0 

Coal — small,  bony  seam,  red-ash — (3  to  4) 3  0 

Slates  and  sandstones  (35  to  50) 40  0 

Coal — forge,  or  Holmes  vein — F 5  0 

Slates  and  sandstones 160  0 

Baltimore  ooal — undeveloped f  0 

Slates  and  sandstones. 160  0 

Coal— D 6  0 

Slates  and  sandstones. 40  0 

Coal— C 4  0 

Slates,  rook,  and  conglomerate 90  0 

Coal — Lee's  vein,  Buck  Mountain,  or  B 14  0 

Conglomerate— slate 20  0 

Coal— A. 6  0 
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lower  end  of  the  Wyoming  Valley,  below  Nantieoke,  is  kaown  as 
wport  Valley,  wliicli  is  some  four  or  five  miles  in  extent.  AeroBa 
itioa  of  the  valley  runs  the  transverse  line  of  tiie  croas-Hection  wliich 
Kinies  our  map  of  the  aothrueite  fields,  delineating  the  formations 
ie  old  Lehigh  mines  at  Summit  Hill  to  the  point  here  designated, 
ugh  the  valley  docs  not  extend  more  tlinn  five  miles  west  of  Nanti-< 
Jio  basin  pursues  its  course  beyond  Shickahenny, — a  distance  of 
twelve  miles  irom  the  Nantieoke  defile.  At  the  extremity  of  the 
ft  dividing  ridge  sheds  the  water  to  the  west,  into  the  Susqnehanna, 
3hlckshenny.  The  coal-basin  below  JJanticoke  is  but  little  deve- 
but  sueli  explorations  as  have  been  made  exhibit  this  portion  of  the 
I  ft  favorable  light.  The  coal  is  good  and  well  adapted  for  furnace 
ea,  and  the  veins  are  of  respectable  dimensions.  A  new  coal  tfistrict 
sently  been  created  at  yhiekshenny  by  the  operations  of  Mt^sre. 
&  Hart,  who  are  opening  the  lower  end  of  the  baain  on  a  large 

They  are  working  on  the  lower  veins.     Fig.  38  is  a  section  of  the 
workable  one. 

impanyiug  will  be  found  the   names  of  the  firms  or  companies 
ng  in  the  Korthern  eoal-field.  and  the  amounts  shipped  by  them 
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PRODDCTIO-V  OF   COAL   IN   THE   SORTHERS  COAL-FIELD. 


Lnderson 

I  S.  CUrk 1,880 

re  &  Hudson  Canal  Co.  875,671 

II  Coal  Co 219 

NichoL 2,106 

ABeaxd 90 

takly 260 

881,756 


The  Carbondale  Dutrict. 
.       1,530 


Brought  forward,  i 
8.  P.  Williams  &  Son  „ 
Eaton  &  Co... 
John  Jermyn... 
E.  Jones  &  Co... 
Wm.  &D.Si  Mooifl.. 
WiUiams  &  Nichols.., 


Scranton  DUtrict. 


90,196 
14,819 


tW.R.R,  Co 1,216,351 

Davia&Co 1,628 

Iron  &  Coal  Co 

Wy'g  Val.  Coal  Co. 

I  Griffin 66 

I'A  Griffin 2,230 

[ancock 110 

t&  Leach 390 

1,324,780 


Brought  forward,  1,324,780 

Peter  Mills 60 

Leander  Vanetorah 150 

Charles  W.  Edward 610 

Daniel  Howell 1,332 

S.  Scranton  k  Co 19,719 

A.  S.  Wuhbom 6,002 

Mt.  Pleasant  Coal  Co. 869 

Phinney  Jfe  Sctott. 309 
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PiiUtan 

PenofylTania  Coal  Co 828,463 

Butler  Coal  Co 30,508 

James  Freeland. 14,718 

Murcur  &  Co 88,569 

Murcur  &  Frisbie 79,376 

Maryland  Coal  Co 25,084 

Abram  Price 23,949 

«.  B.  Wel«b,  agent 16,051 

ThonwH  Waddle 12,283 

B.  C.  Iliml&Co 6,896 

T.&  W.  UyHhon 19,854 

1,141,751 


DUtrict. 

Brought  forward,  1,141,751 

Thomson  &  Childs 3,062 

Hancock  &  Foley 4,683 

Joel  Bowkley 50 

John  Mitchell....; 14,346 

J.  H.  Schwager 2,675 

Wyoming  Coal  &  Tra'n  Co. . . .  24,205 

John  R.  Stark 200 

Samuel  C.  Wilcox 100 

Corbright  &  Ilinca. 843 

Rodman  Merrit 955 

1,172,370 


Wilkesbarre  District, 


UMmmti  Crml  Co 133,953 

11,  1$,  llillman 19,384 

r,on^,\'ti\siUid  Co 244,680 

hasUl  Mordccai 1,563 

r'uftiN,  Htundiiih  k  Co 61 

A*i'iiturti'u\  (voal  k  Impr'i  Co.     15,703 
Frmiklin  Coal  Co 29,383 

444,727 


Brought  forward,  444,727 
Lehigh  k  Susq'a  Coal  Co ... .      20,806 

Lewis  Landmesser 6,622 

Wyoming  Coal  &  Iron  Co....       1,109 

S.  D.  &H.  M.  Iloyt 277 

James  P.  Atherton 588 

474,219 


Plymouth  and  Nanticohe  Districts, 


fra  Davenport 1,572 

CharlcM  Hutchinson 5,104 

r'nion  Coal  Co 11,139 

Jk;nnet  k  Davis 3,687 

H.  C.  Fuller 23.827 

John  B.  Smith 27  lL'3 

William  L.  Lance 2,()79 

Grand  Tunnel  Coal  Co 16,297 

91,728 


Brought  forward,  91J2S 

J.  Langdon  k  Co 44,195 

David  Morgan 53,113 

John  S.Shonk 482 

Shonk  k  Lance 3,073 

James  Nicholas 200 

Ilarvcy  Brothers 14,753 

207,544 


Slnclcshenny  District, 


A.  H.  Church 6,786 

John  Thomas 220 

N.  T.  Beadle 2,488 

8,494 
Hon. — These  retains  are  from  the  Com- 
Blanons-Books.     The  names  of  the  miners 
ao4  shippers  will  be  found  corrected  in  the 
Appendix. 


Brought  forward,  8,494 
L.  H.  Waterberry W 

8,612 

Carhondale 884,58T 

Scranton 1,352,821 

Pittston 1,172,370 

Plymouth 207,644 

Total,  3,625,8^4 
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CHAPTER   IX. 


THB  LEHIGH  CQAL-BASIKB. 

)  Lehigh  Basins  not  the  old  Lehigh  Mines — Lehigh  Gosl-Basliis— Seellons  it  Tretekoir, 
ioleraine,  and  Jeansrille — Honeybrook — Hatleton  Coal-Basia-^Banen  M Msnres — Ba'ek 
loiuUinBed---Big  Black  Creek--Harleigh--EbeTTale--Jeddo--Ecklj--IitUe  Black  Greek 
-Lower  Blaok  Creek — Extent  of  the  Lehigh  Basins — Production  of  the  Lehigh  Basins. 

We  do  not  propose  to  include  under  this  head  the  old  Lciiigh  Sommit 
nes  or  the  Boom  Run  mines:  thej  belong  properly  to  the  first  or 
iithem  anthracite  coal-field,  in  the  eastern  end  of  which  they  are  located. 
D'nder  the  general  head  of  the  Lehigh  codl-basins  we  include  those  oom- 
"atively  small  fields  or  basins  of  coal  lying  between  the  first  and  third 
iiracite  coal-fields,  and  to  the  east  of  the  second  or  Middle  coal^-fieldy  in 
ich  they  are  sometimes,  though  not  properly,  included*  They  have  a 
Aiate  and  distinct  existence,  and  are  as  peculiar  in  their  fi>rm  and 
tares  as  any  of  our  independent  coal-fields ;  but  they  resemble  each  other, 
general  structure,  character,  and  quality  of  coal,  very  closely.  They  are 
comparatively  narrow,  and  generally  shallow,  containing  only  the  lower 
white-ash  veins ;  but  these  are  in  their  most  favorable  conditions.  They 
I  large,  uniform,  and  productive,  and  include  the  Mammoth  and  all  the 
ierlying  veins. 

Below  wc  give  a  transverse  section  of  the  four  principal  parallel  basins, 
h  their  undulations  and  intermediate  basins  or  synclinal  troughs. 

Fia.  42. 


LEHIGH  COAL  BASINS. 

igure  42  is  a  cross-section  of  the  Lehigh  coal-basins  from  the  Spring  Mountain,  a,  on 
south,  to  Green  Mountain,  beyond  the  Green  Mountain  basin,/,  on  the  north.     The 
ance  across  those  basins  is  between  six  and  seven  miles,  while  their  maximum  length  is 
at  twelve  miles. 

he  Bbayer  Meadow  Basin  lies  between  Spring  Mountain,  a,  and  Pismire  Ridge,  d, 
section  represents  a  point  near  the  middle  of  the  basin  in  the  vicinity  of  Jeansville ; 
the  location  of  Tresckow,  on  the  German  Pennsylvania  Coal  Company's  property,  and 
e  position  of  JeanBville. 

he  Haslbton  Basin,  e,  is  the  largest  and  deepest  of  the  group,  and  lies  between  Pis- 
B  Ridge,  d,  and  Council  Ridge,  /. 

10  Black  Crxek  Basin,  ^,  is  the  next  in  order,  and  is  located  between  Council  Ridge 
Black  Creek  Ridge,  A.  Following  these,  to  the  north,  are  the  Little  Black  Cheek 
m,  t,  and  the  Gbeee  Mountain  Basis,  /. 
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The  Green  Mountain  basin  is  comparatively  small  and  not  jet  developed. 
The  principal  basins  in  the  section,  and  in  this,  the  Lehigh  r^on,  except 
the  Lower  Big  Black  Creek  basin,  are  the  Beaver  Meadow,  Hazleton,  Big 
Black  Creek,  and  Little  Black  Creek  basins.  The  Lower  Black  Creek 
basin  is  a  continuation  of  the  Big  and  Little  Black  Creek  basins,  though 
their  continuity  is  probably  broken  at  the  point  of  intersection  by  an  ele- 
vation of  the  conglomerate  which  ^^  throws  the  coal  over,''  in  mining 
phraseology.  A  glance  at  the  accompanying  map  will  be  necessaiy  to 
obtain  a  comprehensive  and  clear  impression  of  this  group. 

There  are  three  or  four  other  small  patches  of  coal  within  this  duster 
of  Lehigh  basins :  one  of  these,  the  Dreck  Creek  basin,  lying  between 
the  Beaver  Meadow  and  Hazleton  basins,  we  have  not  laid  down  on  the 
map,  on  account  of  the  uncertainty  of  its  character  and  the  insignificance 
of  its  size.  We  must  here  remark,  however,  that  this  narrow  and  shallow 
trough  of  coal  has  never  been  fairly  tested,  and  we  have  neither  data  nor 
authority  which  would  justify  a  condemnation  of  this  basin. 

Another  of  those  small  narrow  basins  exists  on  the  Big  Tomhickon 
Creek,  which  appears  to  be  a  continuation  of  the  south  fork  of  the  Hazle- 
ton basin,  extending  from  its  western  extremity.     This  basin  is  of  more 
importance  than  the  Dreck  Creek  basin,  but  we  believe  it  does  not  contain 
the  Mammoth  vein.     There  are  several  other  small  patches  of  coal  in  this 
vicinity,   of   which,   however,   nothing  very   definite   is    known.      The 
McAuley  Mountain  deposit  can  scarcely  be  called  a  basin,  as  it  is  on  the 
top  of  a  mountain,  yet  has  the  basin-shape,  and  has  only  been  preserved  firom 
the  powerful  denuding  forces  which  broke  up  this  portion  of  the  region 
by  the  heavy  conglomerates  and  sandstones  which  underlie  the  deposit^ 
and  which  resisted  the  rush  of  waters.     The  McAuley  basin  is  detached 
from  the  main  group,  and  exists  as  the  most  western  of  the  series,  and 
appears  as  a  prolongation  of  a  coal  formation  formerly  existing  in  the  Nes- 
copeck  Valley.    The  evidence  of  the  former  existence  of  coal  to  the  west 
and  northwest  of  the  present  Lehigh  group  is  the  numerous  beds  of*oon- 
glomerate  which  cap  the  elevations  throughout  this  r^on.     The  undu- 
lating character  of  the  Umbral  or  red  shale  strata,  and  their  fine,  soA, 
yielding  nature  tells  the  story  of  destruction  which  the  rocks  around  so 
fully  confirm. 

The  Lehigh  group  occupy  part  of  a  vast  undulating  plateau  that 
formerly  existed  from  the  Nesquehoning  to  the  Nescopeck  Mountains,  and 
which  filled  the  deep  wide  valleys  now  occupied  by  the  Quakeake  and  the 
Nescopeck  streams.  The  blue  color  on  the  map  distinguishes  the  existing 
portions  of  the  conglomerate,  as  the  black  denotes  the  coal.  The  pink 
represents  the  red  shale  or  Umbral ;  and  those  wide  areas  shaded  by  this 
color  were  undoubtedly  once  covered  by  the  blue,  or  base-rock  of  the  coal 
measures,  if  not  the  coal  itself.    The  elevation  of  this  oonglomerate  platean 
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18  about  2000  feet  above  tibe  aea-leveli  wbile  some  of  ita  deepest  ooal-besiiis 
are  nearly  1000  &et  below  die  8iirfiu»,  or  only  1000  feet  above  the  sea. 
Yet  the  lowest  part  of  the  deepest  basins  is  &r  above  the  siirfiu)e-level 
of  the  Pottsville  basins,  which  are  probably  over  3000  feet  deep,  or  2600 
feet  below  the  level  of  the  Atlantic.  Port  Carbon  is  600  ftet  above  tide- 
water, and  Hazleton  about  2000  feet  The  depth  of  the  basin  beneath 
Hazleton  is  900  feet,  which  still  leaves  a  difierenoe  of  600  ftet  between  the 
bottom  of  the  deepest  Lehigh  basin  and  the  top  of  the  deeptet  Sohoylkill 
basin. 

The  Schuylkill  basins  were  originally  deeper  than  the  Lehigh  basins; 
but  there  can  be  but  little  doubt  of  the  &ct  that  the  surftoe^  or  rather 
outcrop,  of  the  coal  at  Pottsville  was  at  one  time  on  a  level  with  the 
surface  or  outcrop  of  the  coal  at  Hazleton.  The  depression  has  be^i 
since  the  formation  of  coal,  or,  perhaps,  continued  during  its  formation. 
The  Lehigh  basins  have  not  been  elevated,  as  some  supposA;  bnt^  on  the 
oontiary,  the  Schuylkill  basins  have  been  depressed,  as  their  steep  angles 
and  reversed  or  overtilted  strata  amply  testify. 

The  area  of  the  present  conglomerate  plateau,  on  which  are  located  this 
group  of  basins,  is  between  160  and  200  square  miles,  while  the  ooal  area 
is  between  36  and  60  square  miles.  The  probaUe  ancient  or  denuded  area 
•is  not  less  than  1000  square  miles. 

THS  BEAVER  URADOW  BASIN. 

This  is  the  first  or  most  southern  of  the  Lehigh  basins,  and  extends  from 
a  point  several  miles  east  of  the  village  of  Beaver  Meadow  to  its  western 
terminus  near  Mount  Alter,  some  two  miles  from  the  Honeybrook  mines, 
the  distance  being  about  12  miles,  and  the  average  breadth  less  than  a 
mile,  with  a  total  area  of  nearly  10  miles.  The  formation  extends  across 
the  Beaver  Meadow  and  Hazleton  Bailroads,  a  short  distance  north  of 
Wcatherly,  but  is  entirely  devoid  of  coal;  and  the  probability  is  that  little 
coal  exists  east  of  Beaver  Meadow. 

The  mines  in  the  vicinity  of  Beaver  Meadow  were  for  a  considerable 
period  very  productive,  but  being  operated  in  a  primitive  manner,  and 
much  troubled  with  water,  they  have  been  abandoned,  though  &r  from 
heing  exhausted.  To  reopen  them  will  be  costly,  and  no  one  cares  to  risk 
the  expense  when  virgin  fields  invite  them. 

Above  Beaver  Meadow,  or  between  it  and  Jeansville,  are  the  Coleraine 
i^mes,  now  worked  by  Messrs.  William  Carter  &  Son.  At  this  point  the 
Wq  is  over  1000  yards  wide,  and  contains  three  subordinate  basins  or 
troaghs,  besides  one  or  two  small  undulations.  The  depth  of  the  basins 
ia  fit)m  500  to  700  feet 
The  following  vertical  section  is  a  representatiofi  of  the  measures  both 
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st  Jeanaville  and  at  Coleraioe,  as  there  is  bat  little  differeitoe.     At  nathi 
place  liaa  the  Buck  Mountain,  or  B  vein,  beoi  developed. 

The  section  at  Jeanfiville  is  nearl;^  Bimllar,  as  give 
"*•  below. 


Surface 

Mammoth 

Slates  and  sandstones 

Wharton_D{8  tol2).. 
Slates  and  sandstones.... . 

Coal— C. 

Slates  and  sandstones  .... 

Uneiplorcd 

Conglooicratc 


The  forgoing  figures  are  from  the  north  hasina 
Jcansville.  The  south  basin  at  Tresckow  diSers  stightl 
as  shown  by  the  following  notes  fivm  the  data  tiimiBb 
by  M.  Dagenhardt,  of  the  German  Penn^lvania  Co 
ComjHuiy,  whose  information  is  derived  from  com 
measurements;  and,  as  it  differs  so  widely  from  the  pu 
lishcd  accounts  of  the  State  geologists,  and  some  of  o 
eminent  engineers,  who  denied  the  existence  of  i, 
Mammoth  at  this  point,  the  notes  may  be  interesting. 


8BCTION3  AT  TRESCKOW. 
Mammoth  Vein,  E.         ] 


Top  slate. 
Coal , 


<<»....  .»ao«          (j^i _ ^ 

Bono 0 

Coal* — "poor  man's" 2 

Bony  coal 0 

Coal 7 

Bony  ooal  and  slate 1 

Coal  (from  4  to  7) _6 

Coal 25 


Total... 


.  26 


*  Tlus  lingnlarl/  uuMd  bench  of  coal  is  of  good  qoalitj. 


Ttrtitai  iSeetum. 

TmL  iBObM 

Sm&oe 150  0 

Mammoth  E - 30  0 

BMtet  and  aandbtones. 90  0 

Wharton,  D „ 8  0 

Bkbu  and  aandstonea. 90  0 

Coal,  C 8  0 

Slate  and  rook,  10  to 30  0 

Bedflhale f 


{Buck  Mounlainf)  Vem  C. 


Wharion  Vein,  D. 

Ft  In. 

Slate-top 

Coal 4  0 

Fine,  dark  alate 1  6 

Coal 4  0 


nB.M. 


Section  of  JKiinmoA  ai  J«aav3k. 

Ft  In. 

Tqi — hard  lock 

Slate 2  0 

Coal 1  0 

Bone 0  2 

Coal 1  0 

Coal 6  0 

Sulphur 0  4 

Coal S  0 

Mining,  or  charcoal 0  4 

Coal,  "poor  man's,''  P<i>^  *^^  good 2  0 

Hard  elate 0  4 

Checkered  coal 1  6 

SUte 0  3 

Coal,  very  fine *l  0 

Hard  slate 0  2 

Coarse  coal 1  0 

Bono 0  4 

Coal _4  ^ 

Coal 24  6 

Slate,  &c. _3  10 

Total 28  4 
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SECTIONS  AT  COLERAINE. 


Wharton  Veiny  D. 
Fl        In. 


Coal 4        0 

Slate 0        1 

Coal 0        6 


Slate 
Coal. 


Vein  C  (^Buck  Mountain  f). 
Ft.      In. 


FL 

In. 

0 

8 

4 

0 

Ft 

In. 

3 

0 

Coal 4        0    Coal 

Slate 1        0 

NoTi. — The  Buck  Mountain  bed  is  B  in  all  our  sections,  except  where  G  take  its  plaee; 
and  this  is  always  in  error.  We  think  it  probable  the  bed  here  named  C  is  reallj  B,  and 
the  C,  and  not  B,  is  the  missing  seam. 

There  are  five  undulations,  or  8}mclinal  axes,  at  Jeansville,  across  the 
basin.  Farther  west  these  synclinals  separate,  and  form  two  terminal 
points  to  the  basin.  The  three  southern  troughs  continue  on  west,  and 
form  the  deep  and  superior  basins  at  Honeybrook,  and  the  two  northern 
troughs  or  Cfynclinals  form  the  less  developed  basins  on  the  old  IVench- 
town  property. 

At  Honqrbrook  the  southern  portion  of  this  basin  is  3570  feet  wide^ 
and  is  divided  bj  three  synclinals  or  subordinate  basins,  as  before  stated. 
The  two  southern  basins  are  the  widest  and  deepest.  We  are  scaicelj  pre- 
pared for  the  data  here  developed,  or  the  difference  that  exists  between  this 
locality  and  those  farther  east. 

The  total  depth  of  the  measures  is  given  by  Mr.  (George  Allen,  the 
practical  and  experienced  superintendent,  at  680  feet.  We  think  this, 
however,  rather  over  than  under  the  correct  thickness,  firom  the  fitct  that  in 
no  other  portion  of  the  coal  r^ion  do  we  find  the  distance  to  be  so  great 
from  the  Mammoth  to  the  conglomerate  or  lower  veins,  as  here  given. 

At  Ebizleton  the  distance  from  the  Mammoth  to  the  Buck  Mountain  i> 
from  300  to  400  feet.  At  Harleigh,  in  the  Black  Creek  basin,  the  depth 
is  firom  400  to'SOO ;  but  here,  at  Honeybrook,  it  is  given  as  over  580  feet 
There  is  room  to  doubt  this,  not  only  from  the  &ict  of  its  being  unusual^ 
but  becaoae  no  developments  have  been  made  to  prove  it. 

It  IS  singular  that  only  two  veins  are  given  in  those  deep  measures  below 
the  Mammoth|  while  in  all  other  portions  of  the  anthracite  coal-fieldi 
there  are  three  and /our.  In  fiict,  four  veins  exist  below  the  Mammoth  i& 
every  other  basin  of  note  except  that  of  Carbondalci  and  there  is  no  gooi 
reason  to  doubt  its  existence  here,  since  the  ground  has  not  been  thorongUf 
explored,  and  there  is  plenty  of  room  for  the  Buck  Mountain  vein.  Tbe 
miners  of  the  Beaver  Meadow  field  or  basin  denominate  vein  C  as  the  Buck 
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Mountain,  which  is  everywhere  else  B,  Of  thia  &ct  there  can  be  no  doubt. 
TIic  B,  or  Buck  Mountain,  is  always  the  lowest  workable  vein,  lying  on 
the  conglomerate,  and  overlying  A,  which  is  in  the  conglomerate.  We 
think  the  fairest  and  beet  exposition  of  the  lower  coal  measures  has  been 
made  in  the  New  Boston  basin,  which  is  similar  to  the  Lehigh  basins,  by 
J.  Iy)u<len  Beadle,  Esq.,  who  has  carefully  proved  each  vein  and  measured 
their  respective  distances.  A  reference  to  that  basin  shows  a  strict  con- 
formity with  both  the  Hnzleton  and  Black  Creek  formations,  as  they  all 
in  turn  conform  to  tlie  measures  of  the  coal-fields  generally.  There  is 
some  doubt  on  thi;i  subject  among  our  mining  engineers,  but  we  have  forti- 
fied ourtrelves  with  iacts  from  so  many  practical  sources  that  the  proof  is 
overwhelming;  that  is,  of  the  general  existence  of  four  veins  beloitr  the 
Mammoth. 

We  therefore  state  it  as  our  belief  that  the  same  number  exist  in  the 
Honcybrook  baiiins,  where  the  measures  are  found  in  their  fullest  develop- 
ment ;  but  we  do  not  think  the  measures  below  the  Mammoth  are  over 
500  feet  thick. 

The  size  of  the  Mammoth  at  Honeybrook  is  35  feet ;  Fro.  45. 

the  "Wharton  10  feet,  and  C  (Buck  Mountain?)  8  feet.  We 
propose  to  ^ve  in  another  portion  of  this  work  a  full  and 
complete  description  of  the  Honeybrook  basins,  as  one 
of  the  most  interesting  localities  in  the  Lehigh  region. 

We  have  not  intentionally  omitted  the  locality  of  York- 
town,  between  Jeansville  and  Audcnreid  or  Honeybrook. 
The  chief  features  of  those  localities  are  so  much  alike 
that  it  would  be  only  a  repetition  to  describe  each  colliery 
in  this  connection.  We  propOie  to  mention  the  colliery 
batablishmcnts  in  another  portion  of  the  work  and  under 
a  (liflcrcnt  connection. 

THE   HAZLETON   BASIN. 

Tlif  town  of  Hazleton  is  near  tlie  middle  of  the  Hazle- 
ton  basin,  and  is  15  milci  from  lenj  Haven  on  the 
Uiiigh  River,  with  which  it  is  ronnoeted  bv  rail  This 
i*ti)e  lai^est  of  the  Lehigh  ba  1 1  and  s  about  13  miles 
long  by  one  mile  wi  lo  as  i  nniLimum  It  contains  about 
ll'i'qiiare  miles  of" coal  for  i  t  on  The  eastern  o\tremit\ 
i"  at  the  old  Buck  Mountiin  mine  some  six  miles  from 
Hockpc)rt,  on  the  Lelu^h  n  d  the  we  tern  jiomt  near  tlic 
Schuylkill  county  In  c  Th  basin  lies  in  Luzerne 
foiiQtv,  while  the  Bca\(.r  Mtadow  lies  in  Carbon  and 
Scbvlkill. 

Tlie  accompanying:  .■jection  thougli  the  basin  at  Hazleton  does  not  repre- 
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>i'i>i  ilio  iiHnHiinf  above  the  Mammoth,  which  appears  to  be  boirai,  viih 
iti>'  t'\iv|iti<>ii  of  one  Bmall  seam  some  4  feet  io  thickness. 

Ii  it  Hiii);tilnr  that  the  900  feet  of  coal  measures  overlying  the  Mammoth 
tii-iti  nliiitiUt  contain  no  workable  coal,  vhile  in  eveiy  other  locality  in  Ibi- 
uiillintcitv  regions  the  same  thickness  would  bear  at  least  four  or  five  work- 
able veins,  and  in  some  instances  double  t&e  number  of 
scams,  small  and  large.  The  strata  and  appearanoeB  of 
the  meaiiiires  ore  certainly  of  the  coal-bearing  order,  and 
every  indication  would  surest  the  existence  of  coal  abore 
the  &[ammoth.  There  are  only  two  aolutiona ;  it  either 
docs  exist  and  has  not  been  developed,  or  the  meosuns 
overlying  the  Mammoth  are  not  in  reality  as  thick  m 
they  would  npiKiir,  but  arc  doubled  by  a  singular  procese 
at  this  peculiarly  deep  portion  of  the  Hozleton  fau-ia, 
since  it  is  not  generally  as  deep  in  other  parts  as  in  the 
Vicinity  of  the  Diamond  mines,  where  the  forcing 
section  was  taken. 

To  describe  this  peculiarity  would  complicate  the  de> 
Bcription.  It  will  be  found  exemplified  under  the  head 
of  "Faults  and  Irr^ularitics  of  the  Coal  Fonnatiooi.'' 
(See  figure  in  that  connection.) 

The  Buck  ^lountaiii  mines  arc  located  on  the  extreme 

eanteru  point  of  the  Ilnzloton  basin,  though  a  narrow 

anticlinal  divi^lcs   the   Buck   Mountain   synclinal  &oa 

TUN  HiNEL  the  eastern  undulations  of  the  main  basin;  but  it  iB  oom- 

paratively  smalt,  as  shown  in  our  map  of  the  anthrir 

dte  fields.     This  eastern  portion  of  the  Imsin  is  narrow  and  ahallow,  ud 

contains  only  one  workable  vein,  which  is  the  celebrated  "  Buck  Mountuo," 

orB. 

It  lies  on  the  conglomemte  in  the  same  manner  as  at  Lee's  N'iuiticok<< 
mines,  and  is  underlaid  by  the  small  licam  A,  in  the  conglomerate  and  over- 
laid by  C,  which  is  here  a  small,  18-inch  seam. 

The  Buck  Mountain  vein  is  here  over  twen^  feet  in  thickneaB,  and 
contains  about  16  feet  of  excellent  coal,  which  has  become  cel^rated  ai 
a  steam  coal  under  that  name.  Tlic  accompanying  illustraUon,  figure  46, 
gives  a  &ir  representation  of  the  bed. 

This  vein  has  all  the  characteristics  of  tlte  lower  workable  coal-bed, 
wherever  found,  in  the  anthracite  fields.  In  the  deep  basins  of  Schuyl- 
kill, however,  it  is  small  and  poor. 

It  is  divided  by  the  accompanying  middle  slate,  as  at  Shickshenny,  NaD- 
ticoke,  and  Grand  Tunnel,  and  wherever  found,  within  oar  experience 
except  at  New  Boston.  The  lower  bench  of  six  feet  produces  a  dtirktid 
a«A,-~flo  deep,  in  &ct,  tliat  it  makes  the  whole  vds  a  "red-«ah  ooal"  when 
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mixed,  though  die  top  bench  of  nine  feet  is  wliita  ash.  Thia  pecnliaritjr 
of  the  Buck  Mottatain  vein  Ib  also  a  <^atBoterifitifl  of  the  Qiand  Tamoal 
and  liwfa  Naolaooke  beds,  whioh  ocoapy  a  idative  poaitum  at  the  baae  of 
the  ooal  meamies.  Another  identifying  peouliari^  of  the  lower  ooal  of 
thia  bed,  -wheraver  jband  in  good  oondition,  is  its  deonty,  tenadly,  and 
cmdioidal  fiBotnre^— resembling  the  whitfrwah  cotla  io  ibis  respect'  bat 
differing  fiun  the  npper  rad-ash  ooaU  generally. 

The  basin  at  the  eaatem  eztaiemitrr  is  ahallov  and  nanov.  Ko.  2  alope, 
in  opoation,  is  abont  270  feet  long  on  an  angle  of  40°.  The  bottom  of 
the  dope  or  basin  is  150  feet  vertical  from  the  sor&oe.  This  is  in  the  tH 
Back  Mountain  basin,  which  is  elevated  and  on  the  eastern  point  or  side 
of  the  Bock  Monntain,  or  a  continuation  of  Conndl  Bidge.  The  Black 
Cheek  basin  lies  about  half  a  mile  to  the  south,  over  a  dividi^ji^ewhMi 
is  overcome  hy  planes.  Here  the  Buck  Mountain  von  is  also  opented, 
Dcar  the  eastern  extremity  of  the  Black  Creek  basin,  osder  the  same 
peonliaiities  existing  at  the  old  mines. 

About  eix  miles  to  tiia  west  of  Buck  Mountain  are  the  StooktOD  mbiea, 
on  the  Haaleton  Bailroad.  A  branch  of  the  Haslettm  road  <"?'!*^ii  the 
Bock  Mountain  mines  at  Cliftou  with  the  main  Hazle- 
ton  Toad,  at  its  intenectioD  with  the  Beaver  Meadow,  a 
short  distance  above  Wcatherly. 

Above  the  Stockton,  in  the  vicinity  of  Haaleton,  are 
the  Diamond  miaes  of  A.  Pardee  &  Co.,  Old  Haaleton, 
laurel  Hill  No.  1,  laurel  Hill  No.  2,  and  Hazleton 
So.  3.  Farther  west  are  the  Crystal  Ridge  and  Cran- 
berry collieries  of  A.  Pardee  &  Co.  Succeeding  these 
are  the  Mount  Pleasant  mines  of  Taggart  &  Halsey, 
antl  near  tlie  end  of  the  main  basin  arc  the  Ashburton 
mines,  recently  opened. 

In  the  greatest  part  of  the  basin  there  arc  two,  and 
sometimes  three,  ayoclioala.  £ven  at  tlie  Diamond 
mines,  where  the  hanin  is  considered  as  single,  or  exist- 
ing in  a  wide,  deep,  and  unbroken  synclinal,  there  is  a 
sharp,  wedge-like  anticlinal,  that  folds  back  in  a  pecu- 
liar manner  over  the  north  dip  in  such  an  unusual  and 
reversed  condition  as  to  make  the  bottom  slate  of  the 
one  the  top  slate  of  the  other. 

It  will  be  noticed  in  the  sections  of  the  Mammoth 
which  we  give  at  various  localities,  that  this  vein 
varies  considerably  in  composition  or  character,  but 
throughout  the  Lehigh  region  is  nearly  uniform  in 
size.  It  generally  contains  from  20  to  30  feet  of  workable  coal,  and  is 
almoet  invariably  reliable,  or  in  goo<l  condition  and  extremely  productive. 
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The  amoant  of  coal  annually  sent  from  the  Hazleton  basin,  and  prindpally 
from  the  vicinity  of  Hazleton^  is  nearly,  if  not  fully,  a  half-million  tons. 
A.  Pardee  &  Co.  are  the  largest  miners  and  shippers  of  coal  in  the 
anthracite  region,  as  a  private  firm ;  and,  in  connection  with  the  Hazleton 
Coal  Company,  which  is  nearly  synonymous,  or  Pardee  &  Co.,  the  firm 
owns  or  controls  42  miles  of  railroad-track,  17  first-class  locomotives,  1800 
cool-cars,  and  does  the  shipping  business  of  the  Hazleton  and  Big  and 
Little  Black  Creek  basins,  or  nearly  one  million  tons  per  annum. 


BIG  BLACK  CREEK  COAL-BASIN. 

This  basin  is  now  tapped  or  opened  at  two  different  points.  First,  at 
its  eastelkn  eztremitjr,  by  the  Buck  Mountain  Coal  Company,  whose  planes 
descend  into  the  Black  Creek  basin,  or  over  Council  Ridge  from  Clifion. 
This  company  has  two  slojx^s  in  oi)eration  to  the  bottom  of  the  basiii, 
which  is  here  shallow  and  does  not  contain  over  150  feet  of  coal  measiires. 

The  second  avenue  of  the  coal-trade  from  this  valley  is  through  the 
Council  Ridge  tunnel,  which  is  1023  feet  long,  over  the  Lehigh  Luzerne 
Railroad.  This  road  leaves  the  Hazleton  road  at  the  board-yard,  some 
distance  below  Stockton,  and  passes  through  the  tunnel  to  Jeddo,  and 
thence  down  the  valley  of  Big  Black  Creek  to  Ebcrvale  and  Harleigh, 
and  from  Harlcigh  it  is  continued  around  the  western  point  of  Blad 
Creek  ridge  to  Milnesville  in  Little  Black  Creek. 

From  the  mouth  of  the  tunnel  a  branch  of  this  road  turns  up  the  valley 
to  Eckley,  which  is  one  of  the  most  handsome,  attractive,  and  orderly 
mining  villages  in  the  coal-regions.  At  Eckley  are  the  mines  of  MeGsrs. 
Sharpe,  Weiss  &  Co.,  to  whom,  in  fact,  the  village  owes  its  existence. 

Here  the  basin  of  Big  Black  Crock  is  three-quarters  of  a  mile  wide  and 
divided  into  four  synclinal  troughs,  or  undulations,  which  increase  in  breadth 
and  depth  from  the  south  to  the  north  side  of  the  basin.  The  mines  at 
Eckley  are  located  on  the  "saddle,"  or  anticlinal,  between  the  two  first  or 
southern  basins  or  synclinals,  and  consist  of  two  slopes,  one  in  each  basin. 
That  in  the  first  basin  is  on  the  south  dip,  with  an  angle  of  30^,  and  that 
in  the  second  basin  is  on  the  north  dip,  with  an  angle  of  20^.  Eadi  is 
200  yards  deep,  and  the  basins  they  penetrate  are,  respectively,  125  ftct 
vertical  in  No.  1,  and  275  feet  in  No.  2, — the  vertical  depth  varying  irith 
the  undulations  of  the  surface. 

The  capacity  of  these  mines  is  about  125,000  tons  annually.  Dorii^ 
the  year  1864  nearly  110,000  tons  were  produced. 


Stelutn  of  Coal  Meantm  at  EcJU^. 
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ill  be  noticed  that  we  give  the  size  of  the  Hanunoth,    ^ 

ectirai  through  the  cool  meaaureB  ss  30  feet  at  Eddey, 

I  the  section  of  the  vein  it  ia  less  than  20  feet.     This  di£EbKnoo  U 

ed  by  the  iact  of  the  vein  being  thioker  in  the  deep  ' 

D  basins  of  the  valley  than  in  those  now  operated 

notb  side. 

49  ia  a  vertical  section  throngh  the  measons  at 

li,  in  the  Big  Black  Creek  basin,  funushed  by 

ler  Silliman,  Esq,     The  surface  measure!)  abore 

ninoth  are  barren  of  coal,  as  usual  throughout  the 

basins,  and  are  not  given  in  the  section.  Their 
ia  is  from  150  to  300  feet.   The  coal-basin  here  is 

into  two  subonlinate  basins  or  synclinals,  with  an       j^  H 
te  breadth  of  800  yards. 

distance  between  E  and  D  in  the  section  is  here 
t;  but  thi»  varies  considerably  fiirther  up  the 
ind  at  Ecklcy  is  only  150  feet.  The  lower  veins 
ker  in  the  Black  Creek  region,  generally,  than  in 
er  portion  of  the  Lehigh  basins. 
iVhartoa  or  Skid  more,  D,  is  here  12  feet  thick,  and 
ess  vein,  C,  which  is  generally  small,  is  10  feet  in 
».  The  Buck  Mountain  B  is  not  as  large  as  it  is 
t  the  old  Buck  Mountain  mines,  at  the  Grand 
in  the  Wyoming  valley,  or  at  New  Boston,  but  is 
han  its  average  size,  generally,  in  the  Lehigh 

Mammoth  is  here  30  feet  thick,  end  contains  20 
workable  ooal,  with  10  feet  of  rejected  or  unwork- 
le.  The  top,  nine  feet,  is  not  worked.  It  is  very 
ive,  and  mined  with  economy.  The  capacity  of 
leigh  mines  is  100,000  tons  annually;  their  pro- 
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ductaoD  daring  1864  was  60,793  tons.  They  were  operated  last  year  by 
McsuB.  Sillimtin  &  McKee,  but  havo  since  cbanged  bands,  aod  are  sow 
(1865)  operated  by  the  Harlcigh  Coal  Company, 

The  mines  at  Ebervale  are  operated  by  Messrs.  Btont,  Van  Winkle  & 

Co.,  leasees  on  lands  of  the  Union  Improvement  Co.     They  have  three 

■lopes:  two  on  the  south  dip  and  one  on  the  north  dip  of  the  Mammoth. 

The  next  in  operation  above  Ebervalo  are  the  Jeddo 

^^  "•  mines  of  J.  B.  Marhle  &  Co.,  also  on  the  lands  of  the 

Union  Improvement  Company.    Here  there  are  three 

slopes  in  operation:  two  on  tlic  Mammoth,  and  one  on 

the  Buck  Mountain  vein, — all  on  the  south  dip. 

Commencing  at  the  lower  end  of  the  Big  Black 
I  Creek  basin,  we  find  five  colliery  establishments  in  the 
valley,  viz.:  Harlcigh,  Ebervale,  Jeddo,  Eckley,  aai 
I  Buck  Moantain  mines, — the  last  being  on  the  waten 
j  of  Sandy  Creek,  flowing  into  the  Lehigh  to  the  east, 
I  and  the  former  on  the  waters  of  Black  Creek,  whuii 
1  flow  west  and  north  into  the  Nopcopeck  and  thmoe  into 
I  the  Susquehanna.  The  amount  of  coal  mined  by  the 
]  Lehigh  ojicrators  respectively  will  be  foond  in  the 
I  accompanying  table. 


LITTLE  BLACK  CBEEK  BASIN. 

In  the  Little  Black  Creek  basin  there  is  only  one 
I  operation,  wliich  is  at  ita  western  end  and  is  known  u 
]  Milncsville.  The  name  of  J.  Fields  appears  as  tbe 
'  operator  on  three  slopes:  two  on  the  north  and  one  on 
LtiM  tH  t^*^  south  dip  of  the  Mammoth.  This  basin  is  but  little 
'""'«iIS"""'  developed.  It  is  probably  about  half  the  area  of  the 
Big  Black  Creek  Ixisln,  which  is  about  12  miles  long 
and  with  an  average  breadth  of  half  a  mile,  containing  six  square  miles  of 
coal  formation;  while  the  Little  Black  Creek  basin  is  only  about  seven 
miles  long  by  500  to  800  yards  in  breadth,  containing  two  and  a  half 
square  miles  of  coal  formation,  "more  or  less." 

The  LowEB  Black  Creek  Babin  lies  to  the  west  of  the  two  IwinB 
just  mentioned,  and  on  the  Block  Creek,  below  the  junction  of  the  big 
and  little  forks  of  the  same,  from  which  are  derived  the  names  of  the  coal- 
basins  over  which  they  flow.  This  lower  basin  is  about  ten  miles  long  hj 
SOO  yards  wide,  and  contains  about  five  square  miles  of  coal  formatioo. 
There  is  some  doubt  of  the  exintence  of  the  Mammoth  in  any  part  of  the 
Lower  Black  Creek  basin,  but  all  the  lower  v^ns  are  found  in  large  i»o- 
portions  and  in  good  ccmdition, — Uie  Buck  Moantain  bed,  in  ^ome  phoeii 
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being  equal  in  size  to  the  Mammoth.  The  veins  have  been  goiicrally 
proved  in  this  boeiii,  but  no  collieries  havo  been  established,  and  no  uveiiiK? 
yet  exists  for  the  transportation  of  its  coal.  The  Lehigh  Luzerne  Kail- 
road  is  projected  for  extension  farther  down  the  stream,  and  will  soon  open 
the  upper  en<l  of  the  lower  ba-sin.  Other  avenues  for  the  transportation 
of  its  coal  havo  been  projected:  one  from  Berwick,  on  the  Susquehanna, 
up  the  Xtscopeck  and  Black  Creeks,  and  another  from  the  lower  or  western 
cud  of  the  basin  over  the  mountains  to  the  Catawissa  Railroad,  which  is 
hut  a  short  dii^tance  from  this  point. 

The  Green  Muuntain  basin  is  a  comparatively  small  body  of  coal,  lying 
on  the  head  of  Sandy  Creek,  which  flows  into  the  LebJgh.  It  may  be 
equal  in  size  to  the  Little  Black  Creek  basin,  hut  it  is  yet  uudevelopod,  and 
hut  little  is  known  of  its  character  or  formation. 

The  remaining  small  basins  of  coal  on  the  lower  branches  of  the  Big 
Black  contain  only  the  lower  veins,  and  these  to  a  limited  extent;  but  sueh 
coal  as  exists  appears  to  bo  good,  and  even  one  of  those  small  basins,  with 
but  a  single  square  mile  of  coal  formation,  and  containing  only  the  lower  or 
Buck  Mountain  betl, — say  12  feet  thick, — would  produce  enough  to  last  a 
^gle  colliery,  producing  100,000  tons  per  annum,  100  years  or  moi-e.*    ■ 

COAL   AREAS   OF   THE   LEBIQH   BASIX.f 

Bq.  Milu. 

Hoileton  Bnsin,  14  miles  long,  1  wide 10 

Beuver  Meadow,  11      "       "       (    "    B} 

Big  Bkck  Creek,  12  "       "       i    "    6 

Little  Black  Creek,  7  "      "      *    «    2J 

Lower  Black  Creek,  10  miles  long,  i  vide B 

Green  Mountain  Basin,  7  miles  long,  |  wide 2i 

Other  Hmall  basins 3 

Total  area 37 

Production  of  the  ZMgk  Batiiu  in  1864. 

A.  Pardee  &  Co.,  Haileton  Basin 210,902 

Honejrbrook  Coal  Company,  Beaver  Meadow  Baun 146,S63 

Packer  &  Co.,  HasletoQ  Basin 143,090 

Sharpe,  Weiss  &  Co.,  Big  Black  Creek 109,983 

J.  B.  Markle  &  Co.,      "  «        153,563 

Spring  Mountain  Coal  Company,  Beaver  Meadow  Basin 102,881 

German  Pennsylvania  Coal  Company,  Beaver  Meadow  Basin...    78,402 
Haitugh  Coal  Company,  Big  Black  Creek 60,793 

*  Beecnt  deralapmniti  indloftte  tha  aiistwica  of  E,  or  the  Manunoth,  in  some  of  thow 
•*st«m  baiin*. 

f  Tba  araaa  of  thm  batLaa  are  oompnted  m  thair  maximum  ett«nt  Tbe  angleB  of  tha 
dip*  ara  ganaraUf  high.  ITbe  mazimuni  ooal  area  ia,  Uianifora,  graatar  than  that  giran 
abow,  aod  maj  exoaed  60  aquara  miles. 
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Buck  Xonnluin  Cwl  Compuiy,  Big  Black  Greek* 73^634 

Smith')*  SpriDg  MounUiii,  Bearer  Meadow  Basin 53,110 

Joha  Fields,  Littla  Black  Creek 60,214 

William  T.  Carter  &  Son,  Beaver  Meadow  Basin 49,181 

Eberrsle  Coal  Company,  Big  Black  Creek 52,137 

Taggart  &  Etvlaey,  Hazleton  Baaio. 69^91 

XeeapittUatum. 

HaileWn  Basin 448,383 

Beaver  Meadow  Baain 480,137 

Big  Black  Creek  Baain 415,010 

Little  Black  Creek  Baein 60,214 

1,353,741 
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CHAPTER   X 

THE  MIDDLE  AJSTIffBACmE  OOAL-VIELD. 

DiTiflions  of  the  Cotl-lKeld — Trvufwtne  Section — ^Mahanoy  and  Shamokin  B«giona— Loonst 
Moontam — Broad  Mountain — Mahanoj  Mountain — Mahanoj  Basins — ^Primrose  Bed — 
Mammoth  Enlargements — Inverted  Dips  at  BIcNeal  Coal  Company,  and  at  Shenandoah 
Citj — ^Vertical  Section  at  Mahanoj  City — Preston  Sections — ^Freaks  of  the  Locust 
Mountain — Locustdale— Ashland— deal  Properties  or  Estates— Production — Shamokin 
Begion — TransTcrse  Section — Coal-Seams — Twin  Teins — ^TrcTorton— Vertical  Section  at 
Shamokin — Identity  of  the  Coal-Seams — ^Avenues  to  Market— Productions. 

The  Middle  coal-field  is  divided  bj  the  Locust  Mountain^  and  fbmiB 
two  distinct  regions.  The  eastern  portion^  tying  south  of  Locust  Mountaini 
is  drained  \xj  the  Mahanoy  Creek,  and  is  denominated  the  Mahanojr  r^on; 
while  the  western  portion,  lyiug  north  of  the  Locust  Mountain,  is  drained 
bjr  the  Shamokin  Creek,  and  is  known  as  the  Shamokm  region.  Both 
streams  empty  into  the  Susquehanna, — ^the  Shamokin  at  Sunbuiy,  and  the 
Mahanoy  a  short  distance  below,  at  Port  Trevorton. 

The  area  of  the  Middle  coal-field  is  computed  at  91  square  miles;  the 
eastern,  or  Mahanoy  region,  containing  41  square  miles,  and  the  western, 
or  Shamokin  region,  50  square  miles.  .  The  length  of  the  first  is  about 
25  miles,  with  a  mean  breadth  of  less  than  2  miles;  and  the  length  of 
the  latter  is  20  miles,  with  a  mean  breadth  of  about  2^  miles. 

The  amount  of  coal  contained  in  the  two  regions  may  be  about  equal, 
not^vithstanding  the  diflFerence  in  area.  The  basins  are  deeper,  though 
more  narrow,  and,  consequently,  the  angles  of  dip  are  also  greater,  in 
the  Mahanoy.  This  increases  the  area  of  the  coal  above  the  extent  of 
surface  under  which  it  is  basincd.  The  coal-veins  are  also  thicker  and 
more  productive  on  the  Mahanoy  than  the  Shamokin,  as  the  accompanying 
sections  indicate. 

MAHANOY  REGION. 

Figure  51  is  a  transverse  section  of  the  Mahanoy  coal-basins,  including 
the  Broad  Mountain  or  New  Boston  basin;  which,  however,  does  not 
properly  belong  to  this  region,  and  will  not  be  considered  in  connection 
with  the  Middle  coal-field,  but  rather  with  the  Broad  Mountain  and  Mine 
Hill  basins  of  the  first  or  Southern  coal-field. 

In  this  illustration,  figure  51,  a  is  the  location  of  the  New  Boston  basin 
on  the  Broad  Mountain ;  6  is  the  position  of  Mahanoy  City^  in  the  upper 
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part  of  the  Mabanc^  Valley ;  c  and  d  represent  the  locattons,  respectivelj, 
of  Middle  Mahanoy  and  North  Mahaooy,  or  the  second  and  third  basins  of 
the  Mobanoy  Valley.     The  Sbeoandoah  basins  are  denoted  by  e,  and  the 


sharp,  inverted  anticlinals  of  the  north  dips;  this,  however,  is  also  a  tiut 
of  the  formations  at  the  south,  in  the  vicinity  of  Mahant^  Ci^.  Ihe 
view  b  presented  looking  west, — a  Iwing  south,  and  e  north.  The  Broad 
Mountain  here  bounds  the  coal-field  on  the  south  side,  and  the  Ijocast 
Mountain  on  the  north  side. 

Farther  west,  or  down  the  valley,  the  Mabonoy  Mountain  starts  out 
from  the  Broad  Mountain  and  forms  the  south  boundary  of  the  coal-field; 
but  at  the  western  extremity  of  the  Mahanoy  region  the  Locust  Monntain 
— crossing  the  coal-field  from  its  north  side — intersects  the  Mahauoj 
Mountain,  and  becomes  from  this  point  the  southern  instead  of  tke 
northern  boundary  of  the  coal-field.  The  Shamokin  Mountuo  forms  ib 
northern  boundary  from  the  vicinity  of  CcnteraviUe,  or  a  poiiit  nearly 
opposite  Ashland,  where  the  Locust  Mountain  enters  or  conunenoeB  to 
cross  the  coal-fiekl.  The  Locust  Mountain  divides  the  field  into  ill 
eastern  and  western  divisions  or  r^ions.  It  13  the  northeastern  boundaiy 
of  the  Mahanoy  ba»ins,  and  the  southwestern  boundary  of  the  Shamokin 
basins. 

The  undulations  of  the  Mahanoy  formations  oro  frequent  and  almqrt; 
tlie  basins  are  deep,  and  the  dip  of  the  veins  is  frequently  over  46°,  and 
eomctiincs  reversed,  or  both  north  and  south  dips  are  in  the  same  directiui, 
as  illustrated  in  the  vicinity  of  Shenandoah  City,  fiut  these  inverted  dipt 
albo  occur  in  other  [wrtions  of  the  region,  and,  we  believe,  almost  in- 
variably on  the  south  sides  of  the  basins,  as  we  find  them  in  the  Southern 
field,  and  particularly  in  the  Pottsville  district.  Generally  the  south  dip* 
arc  regular,  but  range  from  30°,  or  less,  up  to  60°.  From  30°  to  45°, 
however,  is  about  the  mean  of  those  south  dips.  There  is  an  ezoeption  to 
these  inverted  north  dips  along  the  base  of  the  Broad  and  Mahaw? 
Mountains,  or  on  the  soutliern  extremities  of  the  field.  They  occur  locally 
Id  the  interior  of  the  Geld,  or  in  the  central  baaina,  and  ore  not  geoenl 
even  in  them. 

A  large  amount  of  coal  lies  above  watei^level  in  the  Mahanoy  baaias- 
The  frequent  undulations  (^  the  measures  bring  the  veins  to  the  sar&ce  ia 
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mre  ootioIuiBlB ;  and  the  hills  or  ridgea  within  the  oo^-field  fating 
Bratively  high  ftnd  tmdalatiiig  in  conformily  with  the  oool  meaiuns, 
mJI  is  freqnently  exposed  above  water-level,  and  made  arulable  by  the 
moa  wster-counea  croesing  their  strike  and  denuding  the  cool-stnta. 
lis  respect  there  is  a  great  nnifbrmity  between  the  Mahanoy  and 
^Ikill  faaBina;  and  in  the  general  form  and  dip  of  the  veins  and  banni 
lelvee  there  is  a  like  oonformity.     A  more  general  likenen  exists  in 

and  feature,  both  of  snr&ce  and  eoal-fbrmation,  than  evra  between 
uton  and  weetem  portions  of  the  Middle  ooal-field.  The  Uahaw^ 
7  or  field  is  narrower  than  the  Schuylkill,  and  the  hills  appear  to  fae 
9";  but  we  think  the  appearance  is  deceptive,  and  that  tha«  ia  zeally 
difference  except  in  the  item  of  breadth. 

rq;srd  to  the  veins  there  is  more  difference.  The  lower  veine  in  the 
UK^  are  generally  larger  and  more  prodnctive  than  they  are  in  tlie 
flkill  region.  The  Mammoth  vein  and  those  inunediately  above  it 
at  vary  much  irom  the  same  veins  here,  exo^  in  thor  oniibrmi^ 
perhaps  greater  parity.  But  the  veins  below  the  HammoUi  axe 
ly  in  excess  of  the  same  beds  in  the  central  portions  of  the  Schnylkill 
n,  and  are  more  in  conformity  with  the  beds  of  the  Lehigh  bauns. 
:low  we  ^ve  two  sections  of  the  Primrose  or  O,  one  being  the  general 
of  the  Mahanoy,  and  the  other  of  &e  Schuylkill. 


le  average  size  of  the  Primrose  appears  to  be  about  12  feet  in  tho 
snoy  basins.     At  some  points  it  is  larger,  and  generally  in  very  good 
it  ion. 
r.  Francis  Daniel,  of  the  McXeal  Coal  Company's  Mines,  in  the  North 
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Mahanoy  haan,  gives  the  Primrose  vein  as  16  feet  thick  in  that  locality, 
^vith  15  feet  6  inches  of  pure  coal,  and  not  over  6  inches  of  slate. 

An  enlargement  of  the  Mammoth  takes  place  at  this  pointy  which  ifr 
nearly  equal  to  the  &mous  Lehigh  quarry,  and  similar  to  the  Mammoth  at 
Miller's  Shenandoah  City  colliery,  or  at  the  New  Boston  mines  on  the 
Broad  Mountain,  of  which  we  have  given  an  illustration  in  the  description 
of  that  basin. 

These  great  enlargements  in  the  Mahanoy  basins  are  generally  on  the 
north  dips,  where  the  veins  are  perpendicular  and  often  double.  We  give 
the  two  sections  of  the  Mammoth  as  proved  in  these  two  collieries.  At 
the  Shenandoah  City  colliery  the  operations  are  on  the  inverted  north 
dips,  and  an  enormous  thickness  of  coal  here  exists  in  a  very  limited  thick- 
ness of  measures.  The  veins  are  nearly  perpendicular,  but  dipping  to  the 
sauthj  though  they  are  partly  north-dipping  veins.  They  are  in  the  second 
or  south  basin,  in  the  Shenandoah  Valley.  Of  course,  all  the  veins  in  the 
basin  have  a  south  dip  in  consequence,  but  the  north  dip  is  doubled  back 
on  the  south  dips,  so  that  all  the  veins  in  the  basin  have  the  appearance  of 
south-dipping  strata.  The  accompanying  illustration,  figure  64^  will  dearlj 
express  this  peculiarity. 

Pio.  64. 


COAL   BASINS  AT  SHENANDOAH    ClTt. 


This  peculiarity,  we  may  here  state,  is  not  confined  to  this  locality.  It 
is  found  in  the  vicinity  of  Mahanoy  City,  at  the  McNeal  colliery,  north  of 
Locustdale,  below  Ashland,  and  in  many  other  parts  of  the  Mahanoy  re- 
gion. It  is  also  a  form  of  basin  fre<|uently  met  with  in  the  Pottsville  dis- 
trict, and,  in  &ct,  throughout  the  Southern  coal-field.  It  is  not  generally 
favorable  to  the  condition  of  the  coal  or  the  economical  working  of  the 
veins ;  but  sometimes  the  coal  is  found  unaffected  in  quality  by  the  increase 
in  quantity,  and  the  vein  in  good  workable  state,  though  greatly  changed 
from  its  original  and  ordinary  position. 

This  feature  of  the  anthracite  formation  is  but  imperfectly  understood 
by  our  miners,  and  frequently  occasions  much  trouble.  It  gave  an 
imaginary  existence  to  the  mythical  jugular,  and  men  are  still  found  who 
are  willing  to  spend  their  money  on  the  strength  of  their  fidth  in  its 
reality,  though  abundant  proof  has  existed  during  the  last  ten  years  that 
the  jugular  is  simply  an  enlargement  of  the  Mammotli,  on  the  prindplB 
set  forth. 


XHB  1C4HAK0T  BEQION— HEAD  MODETAOr. 
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B  ''vexed  question"  will  be  more  folly  explained  under  the  head  of 
B  and  irr^alarities." 


of  the  Mammoth 

cU  the  McNtal 

Section  of  the  Mammoth 

at  the  £%enafi- 

Oompan^s  Mines, 
ik  Daniel. 

te 

M  given 

Ft 

0 

, 1 

2 

Li. 
0 
0 
0 

do«A  (Xt, 
JonaSuM 

Tqp  slate. 
Coal 

y  Cottwry,  oi 
Wadey. 

• 

ft 

0 

Jfr. 

In. 
0 

ad  slate 

7 

0 

Slate 

»•••••••  •••••••••• 

1 

« 

id  bone 

1 

0 

Coal 

4 

0 

!••••••••••••••••••••••• 

2 

6 

Slate 

•  VSV9VS   •<•••••••• 

0 

4 

id  bone 

1 

6 

Coal 

8 

0 

2 

0 

Charcoal 

"Mother" 

1 

3 

id  bone 

1 

0 

Coal 

>•••••»••••...•••• 

8 

0 

.....  2 

6 

Bone 

• 

0 

1 

0 

2 

6 
0 

8 

0 

Slate  and  bone. 

0 

6 

id  bone 

1 

6 

Coal 

1 

0 

3 

......  1 

2 

0 
6 
0 

Bone. 

0 

1 

id  bone 

Coal 

i.  9 

0 

Bone 

••••■••• ••••••••• 

0 

i 

»1 

1 

0 

Coal 

.••••••••.••••••• 

2 

0 

1 

0 

6 
6 
0 
0 

Bone.  ••■■•• 

0 

i 

Coal 

Bone,  parting.....^ 

Coal 

5 

0 

8 

0 

id  bone 

8 

3 

0 
0 

3 

2 

6 
0 

Parting .. 
Coal 

•..•...••......... 

0 

7 

0 
0 

• 

7 

0 

Workable  coal... 

67 

0 

Workable  coal 

36 

0 

Slate  and  bone.. 

3 

0 

Bone  and  slate 

14 

0 

Total 

70 

6 

Total 

50 

0 

rill  be  noticed  on  the  accompanying  map  of  the  anthracite  coal-fields 

slender  point  of  the  Mahanoy  basins  extends  £ir  to  the  east  and 

J  with  the  Lehigh  basins,  and  may,  perhaps,  more  prdperly  belong 

t  group  than  to  the  Middle  coal-field,  though  the  entire  cluster  is 

Deluded  in  this  field.     This  point  or  slender  finger  of  coal  extends 

the  Catawissa  Railroad  towards  the  extremity  of  Head  Mountain. 

siderable  body  of  coal  exists  in  the  most  eastern  basin,  which  is 

hundred  yards  in  breadth  and  probably  seven  hundred  feet  in 

Messrs.  A.  Grey  &  Co..  of  Wilkesbarre,  commenced  to  develop 

sin  in  1864. 

coal  on  the  south  dip  is  imperfect,  and  the  vem— proWbly  tne  Buck 
ain — stands  perpendicular, — the  thickness  of  which  was  not  knowp 
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(luring  oar  visit,  bat  most  have  beeo  over  20  feet.  If  the  oml  prove  gooJ, 
there  U  a  eonsiilerable  holy  of  it  ia  the  bo^tD. 

Fanher  towanb  the  centre  of  the  field,  and  on  the 
west  siJti  of  the  CariwUisa  Railroad,  two  narrow  parallel 
boiiins  have  l«en  proved  on  the  land^  of  Alter  &  Stt- 
i<ueiu.  Two  of  the  luwer  veins  are  here  fbond  in  work- 
able condition. 

It  does  not  appear  that  the  coal-banns  are  oontinaoas 
at  the  eastern  extremity,  though  the  middle  fork  of  the 
Mahanov  formation  extends  throughout.  The  oon- 
<;Iomeiste  cornea  to  the  surface,  however,  at  several 
pi>int9  aa  this  i=leodt-r  extension,  and  interrupts  the 
ci.mtinuation  of  the  ojal-ba-ilti^.  The  extension  is  there- 
tore  Ibrmed  by  a  succession  of  narrow  and  parallel 
ba;<ind,  containing  only  the  lower  beds,  which  deepen, 
widen,  and  become  continuous  aa  they  approach  the 
waters  of  the  ^lahaiioy. 

There  arc  five  iirInci]KLl  bo^ina  acroes  the  Mahanoy 
end  of  the  MirUlIc  coal-Seld  in  a  line  from  New  Boston 
to  Shenandoah  City.  Within  these  basins  are  several 
smaller  undulationa  or  rolls,  as  shown  in  the  basin  6, 
figure  51 ;  but  tho:^  rolls  are  local  and  have  no  gnat 
Iciigtii  of  i-trike  or  axis;  and  the  principal  basins ako 
change  in  a  westward  direction,  and  become  merged  in 
ba.->iiis  of  greater  depth  and  extent.  The  five  sj'nclinak 
of  figure  ol  de<Tea«e  to  three,  four,  or  five  nules  down 
the  valley,  and  the  i<)»r  anticlinal  ridges  decrease  to  one 
in  the  vicinity  of  Girardsvillc;  but  though  the  ridges 
whi<-h  mark  the  anticlinals  in  the  upper  portion  of  tin- 
valley  Iwoome  depressed  or  die  out,  the  axis  of  one  i^ 
prestrvc<l.  In  plain  mining-phrase,  there  are  five  basin." 
and  iimr  "saddles — bnsidts  fimall  subordinate  rolls— 
in  the  section  given  from  New  lioston  to  Sheuaudooh 
(not  including  the  former);  while  at  Girardaville  there 
are  only  three  basins  and  two  "saddles,"  besides  several 
minor  uudulations. 

Figaro  55  is  intendo]  as  a  type  of  the  measnrts  in 
the  vicinity  of  Mahanoy  Cit^',  or  on  the  transverse  line 
of  figure  51.  Owing  to  the  recent  development  of  this 
""■iMnoTciTTr.  r^on,  some  confusion  exists  in  relation  to  the  reins. 

The  Buck  Mountain,  whose  natural  position  is  B,  appears  as  C  in  the 
column.  We  are  under  the  impression,  however,  that  the  veins  are  right 
Bod  we  are  wrong,  as  well  as  the  mining  engineers  of  that  section.    But  it 
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preeent  it  is  impoesible  to  place  tlie  lower  veins  where  they  belong.  That 
there  is  some  error  here  seems  more  probable  than  that  there  is  a  dis- 
placement,  since  the  veins  assume  their  proper  relation  in  the  more 
developed  portions  of  the  region,  as  may  be  noticed  in  the  Locustdale 
section,  west  of  Ashland.* 

Oq  the  Preston  Coal  and  Improvement  Company  property,  below 
Girardsville,  the  Mahanoy  and  Shenandoah  basins  nnite,  forming  three 
deep,  comparatively  wide,  and  uniform  basins.  The  Locost  Bidge  and 
Bear  Ridge  anticlinala  become  depressed  in  this  locality,  and,  instead  of  the 
cotiglomerate  appearing  on  their  axis,  the  lower  veins  pass  over  them  and 
form  a  continuous  bed  from  the  Mahanoy  to  the  Locust  Mountain. 

The  Mammoth  on  this  proper^  is  in  good  workable  condition,  about  25 
feet  thick.  This  vein  is  generally  most  productive  and  reliable  when 
in  its  natural  dimension,  which  varies  from  20  to  35  feet.  Any  great 
increa^  or  decrease  above  or  below  these  siwa  generally,  though  not  inva- 
riably, dimioishes  its  value  and  productiveness.  The  Buck  Moontain, 
Skidmore,  or  North  Vein,  as  it  is  locally  called,  also  exisb  in  its  beet 


Figure  60  li  a  trsDBrerss  section  from  the  Loeuat  to  the  M&hanoy  Monntain  on  the 
PreBton  ealale,  a  littte  (o  the  wc»t  of  Giraiclavillc.  The  Mahanoy  Mountain  ib  on  the  left 
»nd  the  Locust  on  the  right  of  the  eection.  Tha  observer  looks  west,  a,  a,  are  drifts  on 
the  Mammolh  and  Buck  Mountain,  nnd  nupp!f  the  Preston  colliery  !fo.  1,  the  breaker  of 
which  19  located  at  d;  b  ia  Preston  colliery  No.  2,  which  is  supplied  by  slope  c  on  the 
Macomoth ;  <  ia  a  water-leTel  (uDoel,  wliich  drains  the  slope  c;  ^  is  a  small  basin,  on  whicli 
the  Folkion  colliery  is  located.  Thia  basin  terminates  a  short  distance  west,  aod  the 
working'  of  the  Folkion  colliery,  passing  round  tho  weal  end  of  the  middle  basin,  eater 
the  left  basin  under  h. 

The  Hunter  colliery,  e,  is  located  about  one  mile  west  of  the  FelktoD  oollierj,  sod  ii 
pnpplied  by  lunnel  h.  The  Folkion  colliery  ia  not  located  on  the  section,  but  the  lunnel  at 
i,  apparpQlly  under  the  Hunter  colliery,  though  nearly  one  mile  east,  drains  tbe  slope  of 
the  PolktoD.  The  letters  A,  B,  C,  D,  E,  F,  0,  denote  the  white-ash  seams;  H,  I,  J,  and  R, 
the  upper  or  reJ-ash  seams. 

*  Since  the  aboie  section  was  made,  we 
demonstrated  tbe  fact  that  (he  Teina  here  ai 
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il.k>4.  M  ,,iii<t  .in,t  nuvi(  pHMliirtivo  ctimlition;  while  the  Primrofie  and  one  or 
oi»'  o\v/\*n*\  \\Mn«  ;Mv  lavonibly  dovoloixxl. 

( 'i,  t^vtt  i\A%\  Wr\^  i<  lu'nrly  two  milos  wide,  which  is  rather  less  than  its 
r^%.i,UN  in\v  u\iK^  t:irthor  cast:  but  the  amount  of  ooal  is  nevertheless 

I  :•.  \'  t«  «kMuo  «\>n fusion  in  the  iilontitv  of  the  veins  and  the  applicBtion 
^'-  »k«  '^.N^  ui  (his  MVtiou  of  iho  cvxiUtield.  But  we  have  found  so  much 
v.\'  s  '*'  x\M\M>f«'iu'v  in  tho  TX*ui:ivo  pi>5iiions  of  the  main  coal-veinS;  and  so 
k  ».t.  N  un'.iwnuiiv  in  tho  vc:u$  themselves,  that  we  do  not  hesitate  to  name 
^^x"".  t'.oiw  AS  oIm'wIut^*.  in  thoir  cvnoral  order.  There  are,  however, 
v\.Ni*\ '**«'*'  :.^kc«  :o  :':*.:>  orvicr  Vv  jo::io  of  our  engiueers,  as  represented 
^u  r.*..*  x\**;;:*:\fcr  av^:.^:>  ^ >.:.>.  «v  havo  givon.  C  of  our  nomencla- 
*«5v  s5x\^>  ',v;  t'\;>;  v.:  :>v  r  <tvci  ::>  of  ilii?  j>^nion  of  the  coal-field, 
v.-\^»  :,  x\;^;>t  A*  ;-V  ^\:  N.*r:a  Vein.  In  that  it^5«r  B,  or  the  original 
l^.:sA  M,*^^';:*  '\  K^  iC^^'^tt  ;Kx>r  and  lean  at  the  exptn?*  of  C,  which  has 
jwiwr  ,v\c  ^  ^'*\t<.>«.\*  -tt  l>alk.  We  cannot  accept  this  theory  for  £ict, 
X  H^v  ^v  *  %;  ^  *»'  •  •  v  r^'U:ions  restored  in  the  neigh bctring  bosin  of  Jfew 
^v,N*  V  \*  v.-v  *s-  '^-  ^  V  M..»untain  vein  B  exists  in  its  proper  position  and 
x..,x-  v^*.  V'v  iltoroil  i>osition  of  this  vein  may  be  better  under- 
*»'  xn'  *  .  y.i\x.»<*  V  v.»  tii^un*  55  in  the  Mahanoy  vertical  section,  where  C 
.,  X  I,.  N  .v  l^viv  Mountiiin  vein,  though  occupying  a  position  much 
♦  x  X.     ..  ^s'v'x*  \v«iUon  in  the  coal  measures. 

•/I.    ..  xs^M^N*  ►.^  »»,<  sHvtions  of  the  several  veins  in  the  Preston  tract  will 

^,,.    v   ..  v.s*>   *•*  *^*  ''*^*''^  identity.     The  Mammoth,  of  course,  there  can 

.    ..'*v»''^;  ■  it  i?*  the  superior  bed  of  the  anthracite  fields,  and  so  pre- 

lufci   iu»  othiT  vein  can  approach  in  magnificence  of  size  or  pro- 

, .»    \,Ms\  MtMintain,  below  the  Mammoth,  is  the  next  in  size  and  pro* 

X       li.utii'tt'i';  while  the  Primrose  is  the  most  important  seam  above 

.     \i  .iiikiiilli.     Witliin  this  range  of  the  coal  measures  there  are  seven 

^.      ^  k  »li»  vi^Uirt,  including  the  three  named,  all  of  which  belong  properly  and 

.»  »alU  li»  what  are  known  as  the  white-ash  coals;  though  the  lower  bench 

»  »K..  IhhI  n  irt  invariably  recUaah,  and  sometimes  of  a  deep-red  color,  as 

„  .inril  III  nnr  <les(.Tiption  of  the  original  Buck  Mountain  vein,  page  194, 

\  \\\\\W\'  I  X  .;  while  the  Primrose  is  generally  considered  as  a  pink  or  gray- 

^  .1,      rim  Primrose  bed,  or  G,  is  generally  from  12  to  14  feet  thick  on  this 

m.nnilyt  and  is  sometimes  found  pure,  without  slate  or  bone.     It  varies, 

\\\y\\  rvitr,  from  10  to  20  feet  in  thickness,  and  frequently  contains  small  part- 

'I'lii:  Maininoth  bed,  E,  is  here  about  25  feet  thick,  and  in  very  fine  cou- 
dllH'M,  iiH  rthown  by  the  accompanying  section. 

')  1,1'  iSkidmore  bed,  D,  is  not  fdlly  developed  on  this  property;  and  we 
Miijld  not  ja*t  a  perfect  section. 


-  THB  uiXAMOV  BsoicoT — PBSBTcnr  saanoira. 

Prof.  Laky,  in  his  leport  to  the  compuiT',  nurim 
the  Skidmon  u  the  "  Ten-foot,"  and  cbIIb  B  the  Skid- 
mora,  which  is  also  a  nuetake  fidlen  into  by  iSr.  Bheaftr, 
from  the  imperfect  development  of  the  locality  uid  the 
re^on  geneially,  as  both  these  gentlemen  are  eminently 
]nacticai,  and  fiuniliar  with  oar  ooal-fields. 

Bed  C  has  not  been  developed  here,  bnt  it  ondoubtedly 
exists.  We  have  before  stated  that  this  is  a  comparatively 
small  and  insular  seam,  but  a  persistent  oae,  and  oi- 
titled  to  a  plaoe  in  our  columnar  sections. 

Bed  B,  the  old  Buck  Mountain  or  "  Xorth  vein,"  as 
here  locally  known,  is  developed  in  fine  oondilion,  as 
shown  by  the  section.  It  ranges  &om  15  to  20  feet  in 
thicluess,  producing  most  ezcdlent  coal.  We  doubt  if 
this  bed  exists  in  any  other  locality  in  better  condition, 

A  is  found  below  B  in  its  proper  size  and  condition. 
It  is  known  as  the  "  rough  v^,"  and  is  aboat  60  feet 
below  B,  in  the  conglomerate 

The  vertical  distance  from  B  to  E  is  about  250  feet, 
—perhaps  more;  thus  giving  ample  room  for  C  sad  D. 
Above  the  Mammoth  l&O  to  200  feet  lies  the  Primrose, 
or  G;  and  between  them  is  the  email  seam  F,  or  the 
Holmes.  The  order  in  which  the  seuns  are  distributed 
may  be  seen  in  fignre  56,  which  conform  to  the  positions 
and  order  of  our  general  sections.  The  pedaliarity  of 
the  formation,  however,  gives  more  red-ash  seams  here, 
perhaps,  than  in  any  other  portion  of  the  Mahanoy 
region,  as  may  be  noticed  in  this  transverse  section. 

One  of  the  Mabanoy  basins  terminate  west  of  Preston. 
The  main  or  south  basin  is  the  only  one  continued  to 
the  extremity  of  the  Mahanoy  r^on,  where  the  Ma- 
hanoy and  Locust  Mountains  intersect.  The  north 
basins  die  out  about  midway  between  Locustdalc  and 
the  western  termination  of  the  south  basin,  or  overlap 
the  Locust  Mountain. 

We  may  here  remark  the  existence  of  the  third  basin 
at  Preston  as  drained  by  the  Big  Mine  Ran,  opposite 
Ashland,  which  may  be  called  the  Centrerille  basin  in 
thatvicini^;  but  this  basin  properly  belongs  to  the  Sha- 
mokin  region,  rather  than  to  this  portion  of  the  Mahanoy 
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niruv  liny  aw  <iivi«lwl  at  I^ocustdale  by  the  Lociut  Mountain,  aad  dm'ned 
Ity  ililli'ivnt  Btn-amH  running  reversely.     But  on  the  Big  Mine  Kun  and  od 
the  Piwton  proiKTty  tlie  Ijocust  Mountain  becomes  aimply  Locust  Ridg^ 
which  in  overlapped  by  the  coal,  and  the  mountain-range  north  of  Locust 
Ridge  there  roocivot  die  name  of  Ijocust  Mimntain.     The  some  occurrena 
taken  place  west  of  Locustdale,  or  at  Lotiist  Gap,  where  the  cool  again 
oi-erbipB  the  dividing  ridge,  as  it  docs  to  the  east.     The  name  applied  to 
this  dividing  ridge  is  geologically  and  topt^raphically  a  misnomer.     It 
tokw  its  rise  at  the  eastern  end  of  the  hasin,  and  divides  the  Shenandoah 
fn»m  thi-  ^[ahanoy,  as  the  Lonisi  JliJ^.  and  runs  imrallcl  with  Locurt 
MiMintain  as  (ar  as  Big  Mine  Run  undi-r  ibia  title,  and  nearly  as  iar  ai 
Mi.  0«rmel,  in  iaot.     But  frnm  Bi'ir  Miue  Run  this  ridge,  wliich  rises 
and  sink*  alloraatcly,  is  dipniStJ  w  iih  the  name  of  "  Locust  Mountain,'' 
Utoufrh  that  mountain  rvally  «i<*  a  '"ile  to  the  uortli,  and  oontinuoa  in  a 
dirert  line  m»ny  niiiw  i--  tJ»f  '«*t'  l«rallcl  with  the  ridge  which  fr«m  Big 
Mine  Run  usurfi^  its  nww-     B"".  more  singular  still,  on  crwsing  the 
coal-field  th»*  biSts  ■<"'*'*  *  '"'''  '^  *''<=  Mjilianoy  Mountains ;  and  thit 
long  iwige  whifl.  t^nrt  :>v  aann'  '>*"  Muhanoy  approi»riatc]y,  TBBigns  it  Ici 
this  usurpinc  ridpc- 

The  topopnipK*  «'  *^  *"'''  ''<^'«  ""'  Justify  this  change  of  names,  and 
J>e  geokigm:  fr-"  ' *"*  '"^^  •''*''"'^^t'>'  "J>]H«ed  to  it,  .-^in,-c  the  axes  of  botl. 

tmcJimH  anr  « '■— '  ^i^'  l"™"^''  »»J  <t<^  tho  r\i\.^  obliqnelv  where 

iit«V(W^  !►"  *■•-'      \'^'  ""'"'  '"-'J-  ''"vc  bet.,1  ItK-ally  and  primilivelv 
applied :  N»-  ■■  -^  "^  "■"'"'''^  a  misuomor,  and  tends  to  c-onfuse  buth  tk 

i_.  ^n.  »'>'""0  "'  "If  scctiou. 
*'*^I^  i^  i. .   ^.-.v^-nnuion  of  the  field  at  or  in  the  vicinity  of  LociBt- 
dnl.-      I    ^'•■"•'  ••;  '■'"."'"'■■'■^'^"^'■"'"I^^-'lof  two  basins;  but  the  north 
twin  i^  r<^'^  '■'■"        """  *"■"  ^"*t''"--t  l«'=^i"e  or  synclinals.     Wc  nuy 


j^  ItiillH',  111  '.r-h  r  to  make  our  description  plain,  that  tlio  J^ust  Ridge, 
m  thi<  ilu'"'.  >UMih-»  the  Mahnnoy  from  the  Sliamokin  region  at  this  point 
,.||ll  HKHMittl  ikvation  of  the  conglomerate  and  mi  shale;  while  both 
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and  meif  at  LocoBt  Gap  and  Preston,  this  devation.  is  depressed,  and 
the  ooal  overlaps  the  mountain,  forming  a  oontinuoas  field. '  The  north 
basin  is  here  separate  and  distinct  from  the  Ifahanoy  r^on,and  forms  the 
south  basin  of  the  Shamokin  r^ion,  as  illustrated  in  figure  61,  representing 
the  West  Mahanoy  and  Shamokin  regions,  o  being  the  Locust  Hountainy 
so  called. 

In  the  section  as  above  given,  we  have  not  represented  a  small  loll  on 
the  southern  outcrops,  as  developed  at  Bancroft's  Pioneer  CtoUieiy,  and 
refierred  to  in  a  previous  page.  It  is  here  insignificant^  and  evidently 
^  dying  out,''  or  disappearing  from  the  basin,  and  is  not  sufficiently 
developed  to  justify  an  accurate  delineation. 

The  illustration  we  have  given  of  the  Locustdale  basins,  in  figure  68,  is 
In  strict  accordance  with  present  developments,  but  does  not  strictly  agree 
with  the  opinion  of  those  who  are  practically  fitmiliar  with  the  basin.  In 
their  opinion,  the  basin  is  much  deeper  than  portrayed;  and  this  opinion 
is  based  on  sound  principles, — ^the  increasing  angle  of  dip  as  the  workingv 
ileaoend,  and  the  angle  of  the  strata  in  the  centre  of  the  barin,  denoting 
that  the  dip  of  the  veins  is  greater  towards  the  centre  of  the  basin  than  on 
ita  outcrops. 

We  have  given  the  angles  as  now  developed, — 45^  on  the  south  dip,  and 
70^  on  the  north  dip;  but  the  probability  is  that  an  average  of  70^  would 
spproximate  the  general  inclination.  The  basin,  therefore,  instead  of  a 
thousand  feet  of  perpendicular  depth,  is,  in  all  probability,  over  2000  feet 
vertical  from  the  surface. 

We  find  in  this  conformity  one  of  the  conditions  of  that  depression  and 
lateral  contraction  which  we  endeavored  to  illustrate  in  figure  6.  *  It  would 
be  impossible  for  the  immense  mass  of  coal  existing  in  this  deep  basin  to 
have  been  created  on  angles  of  such  great  acuteness.  The  coal  must  have 
been  formed  under  far  different  circumstances.  It  is  uniform  in  character 
and  quality;  while  the  veins  are  in  their  best  workable  dimensions. 

Figure  59  illustrates  the  workable  veins  of  this  basin.  They  are  all  found 
''in  place,"  and  are  consistent  with  the  formations  of  other  regions.  The 
Buck  Mountain  vein,  or  B,  is  in  good  size  and  condition,  and  the  Skid- 
more,  D,  is  also  finely  developed.  This  vein  ranges  from  7  to  12  feet  in 
thickness,  but  its  best  or  most  productive  and  reliable  thickness  is  10  feet. 
The  Mammoth  here  is  only  26  feet  thick,  but  is  uniform  and  unusually 
free  from  impurities,  as  shown  by  figure  60.  As  before  remarked,  this 
great  bed  is  generally  most  productive  and  reliable  when  within  its 
medium  dimensions,  or  from  20  to  35  feet  in  thickness.  At  Locustdale 
its  conditions  are  extremely  favorable,  and  the  natural  advantages  offered 
have  been  made  practically  available  by  the  skill  and  experience  of  the 
management. 

The  mode  of  mining  known  as  the  ^^run"  is  here  adopted  with  much 
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economy.  The  solid  nature  of  the  sapenDCombeat  strata,  and  the  man 
immediate  top  elate,  render  this  mode  available  here  in  an  eminent 
di^T^,  while  the  purity  of  the  vein  enable*  the  minen 
to  send  to  the  surface  the  entire  production.  ^Iien  the 
angle  is  over  40°,  and  the  conditions  are  aa  bvorable  as 
at  this  locality,  the  mode  known  as  the  "nm"  is  the 
most  economical  that  can  be  practised.  Bnt  when  the 
angle  is  too  low  to  permit  the  coal  to  descend  tbe  dip 
of  the  vein  by  its  own  gravity,  or  the  top  slate  is 
"rotten,"  and  &Ils  with  the  coal,  or  when  the  oool 
itself — the  vein — is  impure,  this  mode  caauot  be  made 
use  of  to  advantage.  In  tlic  first  place,  because  the  coal 
will  not  "run;"  and,  in  the  second,  the  imparities  &lling 
and  mixing  with  the  coal  render  the  whole  impare 
and  unfit  for  market.  We  shall  notice  this  mode  more 
fully,  in  connection  with  other  modes,  under  the  hod 
of  Economical  Mining;  while  a  more  extended  notice 
of  tlie  Locustdale  colliery  and  improvements  will  be 
found  in  the  Apjtcndix,  as  we  consider  them  the  mod 
perfect  and  extensive  mines  in  the  anthracite  i^ona. 

Figure  60  illustrates  the  Mammoth  in  this  localitjr, 
and  is  a  general  type  of  this  great  bed  in  the  western 
portions  of-  the  Mahanoy  region.  It  is,  however, 
thicker,  and  perhai>s  equally  pure,  in  the  vidni^  rf 
A^lilnnd  and  on  the  Locust  Mountain  Coal  &  Iron 
Comixiny's  proi>erty  generally.  The  large  and  valuable 
estates  owned  by  the  Preston  Cool  &  Improvement 
CoTnpany,  the  IjocuHt  Mountain  Coal  &  Iron  Cotn- 
pany,  tlic  Brock  est^ite,  the  Locuetdnlc  Coal  Company, 
and  the  Black  Diamond  Coal  &  Iron  Company,  tre 
among  the  most  valuable  coal  properties  in  the  anthra- 
cite regions.  They  are  located  in  the  western  end  of 
the  region;  which,  we  think,  is  generally  more  reliiUe 
than  the  eastern  end,  though  the  veins  are  frequently 
A|ShShS|  lat^r  in  that  direction,  as  noticed  in  several  localitio. 
"lCTS?'S&ffifel  But  we  cannot  justly  m.ikc  compariaons,  since  the  I 
cistern  section  is  less  developed  than  the  western,  vhik  | 
the  coals  of  each  enjoy  a  high  reputation  for  thdr  fiw  j 
ap(x»ranee  and  excellent  quality. 

We  liave  found  much  difficulty  in  obtaining  data  in 

'  I      relation  to  the  colliery  estalilishments,  but  think  we  at 

rini'.ii  ■r'^TroB  »r       generally  correct  in  the  classiticatioc  of  names  and  pHh 

ductions  for  1864.    The  region  is  not  naturally  divided 

Into  diatricta,  and  the  coal  pursoes  no  special  avenne  to  market.    Then 
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are  four  railroad  lines   leading  from   the  Mabanoy  r^on.     The  first, 
oommenciiig  at  the  western  end,  is  b^  the  Mine  Hill  &  p,„  ^t 

Schuylkill  Haven  Railroad  and  planes,  which  ascend  and 
cross  the  Broad  KfouDtain  some  distance  below  Ashland. 
The  second  line  is  the  Mohanoy  &  Broad  Mountain 
Bailroad  and  planes,  which  aacond  and  cross  the  Broad 
Monntain  some  distance  above  Girardsville,  and  descend 
by  way  of  Mill  Creek  and  St  Clair.  The  third  line 
penetrates  to  the  eastern  end  of  the  basin  from  the  direc- 
tion of  Tamaqua,  through  the  Hossasock  Mountain  by 
tunnel.  This  line,  the  East  Mahanoy,  connecte  with  the 
Catawissa  a  short  distance  above  Tamaqua,  and  termi- 
nates at  or  near  Mahanoy  City,  a  distance  of  thirteen  miles. 

These  lines  arc  now  under  the  control  and  management 
of  the  Philadelphia  &  Reading  Railroad  Company,  to 
whose  line  tliey  are  large  feeders. 

The  fourth  line  is  the  Lfchigh  &  Mahanoy,  and  extends 
from  the  Black  Creek  junction  with  the  Beaver  Meadow 
Bailroad  to  Mount  Carmel,  via  Shenandoah  and  Centre- 
ville,  with  a  branch  to  Mahanoy  City.  This  line  promises 
to  be  an  important  outlet,  as  it  opens  the  mu-ket  direct  by  nul  to  New 
York.  This  road  is  40  miles  in  length,  and  has  some  14  or  15  miles  of 
connecting  branches  to  the  mines.  , 

IIST   OP  THE   MINERS  AND  PRODDCTTOS   OP  THE   MAHANOY  aEOION,  1864.» 


Repplier  &  McHjdio 

Locustdde  Coal  Company... 

120.(100 
113,041 
107,726 
105,040 
81,097 
70,474 
68,918 
68,218 
67,138 
67,088 
66,706 
56,574 
55,028 
53,085 
43.000 
42,634 
39,559 

Hill&  Harris 

Suffolk  Coal  Company 

35.654 
28,106 
22,141 

I'nioB  Coal  Company 

John  Jones 

20132 

et.  Nicholas  Coiil  ConipuDy.. 

PttrtonCoal&Impr'tCo... 
8.  M  Freck  fc  Co 

Mahanoy  Coal  Company 

Wm.  H,  Shaefer 

Carter  Sheoner  &  Co 

7,647 

G1«idtUI«  Coal  Company.... 
Bucroft  Lewis  &  Co 

7,239 
2,751 
1,882 
1  093 

J  R  Cleaver*.  Co 

F  B  Keareher  &  Co    

GUberton  Coal  Company 

743 

Wiggan  &  Treibles 

Am'tB«ntoverP.&R.R.R. 

1,425,068 

J.4E.  Siilinian 

•  The  locaUoB  of  the  minai 
If  the  cesl-fieldi.     There  are  ch 

respectWelf  p 
aagee  In  nan 

roduoing  thii  coal  wiU  be  fannd  on  onr  nap 
«■  and  firm*  •rhieh  »iU  abo  be  DoUoed. 
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In  addition  to  the  above,  132,808  tons  were  eent  fix>m  this  r^on,  ma 
the  lichigh  &  Mahanoy  Railroad,  direct  to  New  York,  by  the  foUowii^ 


fimiH : — 


TOBfl. 


J.  ft  O.  O.  Bowman 39,212.01 

AliVfld  Uwton  &  Co 37,206.06 

lUthbum  ft  Caldwell 12,669.11 

H.  Barrj  ft  Co 2,385.12 

MoNoal  Coal  Company 31,076,11 

Fowlor  ft  Ilulin 230.06 

Shoemaker  ftCo 267.12 

&  ft  P.  BrookB 104.19 


W.  F.  Patterson 

J.  ft  E.  Silliman 

Amount  sent  orer  the  L. 
ftM.  R.  R 


TOBI. 

9,644.15 

10.00 


132,808.05 

Amount  above  stated....  1,425,068.02 
Total  fVom  Mahanoy  re- 
gion in  1864 1,557,876.05 


THE  SHAMOKIN  REGION. 

Tills,  an  WO  \yoCorci  Rtated,  is  the  western  end  or  portion  of  the  Ifiddle 
iHMl-flold,  and  in  |HTlm|)H  the  ''largest  half,"  though  the  field  b  nearly 
•tiuillly  dlvidinl  by  tho  lAK^ust  Ridge  or  so-called  Mountain.  The  easleni 
tW  Malmiiny  n^^inn  in  i^stinmtiHl  to  contain  41  square  miles  of  coal  area;  while 
Ihft  ivi«iil«*nt  nr  Himinukin  region  is  put  down  at  50  square  miles  of  coal  aras 

I  hit  iiihil  nriMiiif  th(^  liold  being  91  square  miles.  This  portion  of  the  field 
In  wlih«i  III  llM  m*iitru  than  the  eastern  portion,  and  the  undulations  are  more 
liMhM>i«MiM,  hut  ilu*y  arc  not  generally  so  abrupt  or  their  angles  so  gmi 
Thitin  HMi  luiHiptions;  but  the  basins,  as  a  rule,  are  neither  ad  deep  nor  as 
iiImji  III  llinir  <li|iH  as  those  of  Mahanoy.  The  accompanying  illostratioo, 
ftgiiMi  i\\,  will  iMirtray  this  difference  as  compared  with  figure  51. 

Fio.  61. 


TRANSVERSE  SECTION  FROM  MAHANOY  MOUNTAIN  TO  SHAMOKIN  MOUNTAIN. 

Figure  61  represents  a  section  across  the  western  end  of  the  Mahanqf 
region  and  the  central  portions  of  the  Shamokin  region.  The  Mahanoj 
Mountain  is  on  the  left;  a  is  the  Locustdale  basin,  west  of  that  point;  6 
is  the  Bear  Ridge  anticlinal ;  and  c  the  Locust  Ridge,  or  so-called  Moon- 
tain;  d  is  the  central  or  deep  basin  of  the  Shamokin  region;  and  ethe 
location  of  the  town  of  Shamokin ;  while  the  mountain  on  the  right  end 
of  the  section  is  the  Shamokin  Mountain.  The  breadth  of  this  portion 
of  the  field,  or  the  Shamokin  region,  is  from  c,  or  the  Liocnst  Moontaini 
U)  the  Shamokin  Mountain,  a  distance  of  three  miles  or  over. 

Though  the  basins  of  this  section  are  less  in  depth  than  those  of  Ma- 
hanoy, and  more  uniform  in  dip,  with  lesser  angles  of  inclination,  their 
^atrike"  or  prolongation  on  uniform  axis  is  much  less  r^plarand  reliable^ 
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nd  the  sice  and  character  of  the  veins  are  depreciated.  The  coal  is  gene- 
ally  very  good,  but  the  veins  are  smaller,  and,  consequently,  less  produo- 
ive,  in  the  central  and  western  parts  of  the  region.  But  in  the  southern 
art,  or  north  side  of  the  Locust  Mountain,  they  have  the  same  dimensions 
nd  excellence  which  distinguish  them  on  the  south  side  of  the  mountain; 
•ut  they  depreciate  in  size  and  character  to  the  north  and  west.  The  coal 
leoomes  softer,  particularly  at  the  western  extremity,  or  at  Trevorton, 
rhere  it  assumes  the  character  of  a  semi-anthracite.  But  though  the  seams 
re  less  in  size,  they  are  more  in  number,  and  have  the  appearance  of 
aving,  in  some  instances,  been  divided.  This  is  manifestly  the  case  with 
lie  Mammoth,  which  is  here  known  as  the  ''  Twin  veins/'  There  are 
Iso  several  indefinite,  irregular,  and  unreliable  veins  in  the  conglomerate 
elow  the  position  of  A ;  but  to  these  we  shall  pay  no  attention,  because 
hey  are  merely  local  deposits  and  have  no  uniform  existence  or  consistent 
Jaoe  in  the  anthracite  coal  measures. 

We  arc  guided  more  by  the  developments  and  investigations  of  William 
L  Marshall,  Esq.,  of  Shamokin,  and  the  practical  experience  of  the  older 
perators,  in  regard  to  the  formation  of  this  region,  than  by  the  geology  of 
he  field  by  Professor  Rogers.  But  we  may  here  state  a  iict  which  our 
eaders  may  notice.  We  have  followed  no  predecessor,  and  copied  no 
tereotyped  opinions  or  theories,  but  have,  with  much  labor  and  perse- 
verance, collected  the  data  we  have  used  from  hundreds  of  practical 
ourccs,  and  have  endeavored  to  evoke  system  and  uniformity  out  of  the 
leretofore  confused  and  diversified  character  given  to  our  coal-fields.  We 
lave  thoroughly  identified  the  seams,  and  shown  a  consistent  uniformity 
hroughout  the  anthracite  regions.  Yet  we  must  confess  an  uncertainty 
nd  doubt  in  our  classification  within  this  region.  The  veins  are  less 
haracteristic,  and  present  few  of  the  identifying  types  we  meet  in  other 
egioDs;  but  this  peculiarity  is  perhaps  more  local  than  general,  and  our 
ick  of  personal  familiarity  with  the  entire  region  may  prevent  a  proper 
ppreciation.  As  formerly  stated,  we  have  every  reason  to  believe  the 
oal-seams  are  consistent  throughout  the  anthracite  regions,  and  occupy, 
espectively,  a  uniform  place  in  the  coal  measures.  We  have,  therefore, 
ftken  the  Mammoth  or  Twin  veins  as  a  base,  and  applied  our  nomen- 
lature  here  as  elsewhere,  omitting  the  seams  found  in  the  conglomerate 
>elow  A,  since  those  veins  are  not  consistent  even  here,  and  are  not  found 
;enerally  in  any  other  portion  of  the  anthracite  fields.  Rogers  makes  E, 
r  the  Twins,  his  eighth  and  ninth  veins,  independent  of  a  small,  irregular 
cam  found  far  down  in  the  conglomerate,  which  he  names  "  zero."  We 
lave  not  represented  the  two  lower  scams  as  found  at  Trevorton  or  Zerbe's 
tap,  and  have  only  traced  the  third  and  fourth  in  the  conglomerate 
lelow  A. 

To  account  for  this  increase  of  the  seams,  we  can  only  give  the  theory 
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oral  impre^ion  of  the  diameter  und  form  of  the  Twins,  or  Mammoth, 
this  locality.  It  ia  not  singuliir  to  thiti  region,  as  wc  fiad  the  same 
fling  process  in  etfei't  at  Mount  I^Sbe,  in  the  Schuylkill  rcgiou,  and  at 
ml  other  points.  But  it  is  not  the  normal  condition  of  the  Manmiotli, 
I  may  be  considered  a  serious  imperfection  wherever  found, 
?here  is  considerable  variation  in  tlic  relative  sizes  of  the  Twins;  bnt 
erally  the  lower  portion  of  the  vein  is  tlie  largest,  and  varies  I'roni  8  to 
feet  in  thickness.  The  upper  section  is  also  variable,  and  ranges  from 
1 16  feet  in  thickness. 

Ve  give  a  concise  description  of  the  order  and  size  of  the  veins  as 
eloped  in  the  Trevorton  district, — adapting  the  nomenclature  of  that 
OQ  with  that  used  in  figure  62,  with  which  it  may  be  comjiared  lor  a 
r  cooeeption, 

and  Foiitioa  of  ihc  Coal-Bah  at  Trevortun. — Soulh  Dipi. 

'o"— 0  to  9  feet  in  thickiieiis,  uureliable  aud  unproductive;  elatj 
,d  soft. 
West  side  of  gap  0  feet  thick,  red-oiih,  iupure,  unreliable,  oud  fro- 

queully  ''  pioehed  out," 
West  Bide  of  gap  jiiiifAci/  out;  east  side  8  feet  thick;  three-fourths 

dirt  and  slate. 
West  side  of  gap  9  feet  good  coal;  on  east  side  onlj  12  inches  poor 

West  side  not  found;  east  side  15  inches.  This  corresponds  with  A  in 
our  section,  and  is  the  first  regular  vein  near  the  top  of  the  con- 
glomerate. 

West  side  15  feet  thick,  divided  by  Elates,  shelly  and  impure;  east  side 
comparatively  good  and  productive.  This  is  our  It,  or  the  Buck 
Mountain  seam,  and  is  cbaractcristic  of  that  bed  geneTaJty, 

This  is  a  small  seam,  only  15  inches  in  thickness,  and  is  found  oa  both 
sides  of  the  gap, — perhaps  C. 

Is  also  small,  but  good,  coutaining  3  feet  of  coat,  and  is  found  on  both 
sidea  of  gap. 

Is  a  large,  fiue  bed,  15  fiiet  thick  on  each  side  of  gap. 

Is  also  a  liirge  sejim  of  good  coal,  15  feet  thick  on  each  side  of  gap. 
TheM  bedtj,  S  and  9,  are  the  "  Ttriue,"  or  Mammoth,  represenied  by 
£  in  our  sections.  Three-quarters  of  a  mile  west  of  Trevorton,  near 
the  extremity  of  the  coal-field,  they  unite  and  form  a  large  bed  30 
feet  in  thickness.  They  also  unite  on  the  south  of  the  field,  in  the 
vicinity  of  Mahanoy  or  Locust  Mountain,  bat  tbrm  two  Bmaller  reins, 
as  before  noticed,  in  the  vicinity  of  Shamokin. 

On  the  west  side  is  2}  feet  thick,  and  the  wme  on  the  east  ride,  Thia 
oorrespoDds  with  the  Holmes,  oi  F,  and  is  the  npper  Tein  in  the 
Trerorton  district. 
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Continuation  of  the  bedg  in  the  Shamokin  diwtriet  above  P. 

(*oal  11.  The  Primrose,  or  0,  18  found  near  Shamokin,  150  feet  abore  tlit 
Twins,  and  is  generally  charaeteristic,  or  enough  so  to  identify  ill 
peculiarities  as  those  pertaining  to  0  wherever  found.  It  imgei 
from  7  to  10  feet  in  thickness. 

*<  12.  Is  n,  or  the  Big  Orchard,  lying  abore  the  Primrose,  and  ia  here  in  iti 
full  development. 

"  13.  Is  less  certain  as  to  its  identity.  It  lies  too  far  above  the  Primrose— 
200  feet — to  be  the  Little  Orchard,  and  is,  moreover,  too  iKtfst  for 
that  vein :  yet  it  is  not  far  enough  removed  to  be  the  North  Diamond, 
or  J,  though  its  size  and  character  would  denote  its  identity  with  tht 
List-named  seam.  This  seems  to  be  the  highest  workable  seam  or 
vein  in  this  portion  of  the  region ;  but  it  is  supposed  that  K  eziili 
in  the  basins  between  the  Locust  Mountain  and  Red  Ridge. 

B.\SINS.  OR  SYNCLINAL  TROUGHS. 

Figun*  01  illustratci*  in  a  general  way  the  undulations  of  the  Shamokh 
Ofml-lioKI  or  n'gion,  but  doos  not  represent  the  full  number  of  basins,  of  which 
thon'  tin>  not  1oh8  than  14  or  15  narrow  synclinal  and  parallel  troughs,  or 
aniall  f<ulH)nlinntc  Imsins.  There  are  three  prominent  anticlinals  within  the 
lV|rion  X  nninoly,  the  Mine  or  Green  Ridge,  counting  from  south  to  north, 
(ho  "  Utnl  Uldgi*/*  ami  the  **Coal  Run  Ridge."  These  anticlinals  start  out 
(Vxun  (lie  Hi^  or  Shamokin  Mountain  on  the  northeast,  and  ran  parallel 
t)m>uith  (ho  n'^ion  to  the  Mahanoy  or  Locust  Mountain  on  the  southwesi) 
dvlutf  down  a(  u  few  |)oint.s  through  the  centre  of  the  region,  but  holding 
\\\\Av  iMHiriiO  (HMiMistentiy  nevertheless. 

Wilhin  (iM*»H«  (Iirt4«  prineiiMil  anticlinals  are  ten  other  smaller  anticlinah, 
ol*  •m^lill****.  «»'*  '<"«  vertical  and  horizontal  dimensions.     These  anticlinalt, 
\\\  MMilllt'M  »»»«'  ridgen,  divide  the  region  into  a  corresponding  number  of 
liM»"l«h',  or  »viH'lii"il'<5  of  these  there  are  four  principal  ones,  bounded  on 
(hi<  ^I'Mlli  li.V  ll»«  Ii<MiiHt  or  Mahanoy  Mountain,  And  on  the  north  by  the 
nm  iM  Mhiiiiioldn  MrHintain,  and  traversed  by  the  anticlinal  ridges  before 
mo'mIIoim*iI.     Thi'iWf  three  principal  basins  arc  again  divided  by  numeroos 
uMluiniiitult)  Maddl(«  into  a  corresponding  number  of  subordinate  basinsy 
^|fh:|l   it«iht  aH  long,  narrow,  parallel  troughs.     This  frequent  form. of 
li^ajli  iir  saddle — synclinal  and  anticlinal — brings  the  seams  in  constantly 
fM-M*  rii»K  waves  or  undulations  to  the  surface,  and  presents  their  outat>ps 
IM  j#ft-n*|M{ated  lines  of  strike.     The  hills,  or  dividing  ridges,  being  gene-' 
mII/  '#f  ^souHiderable  altitude,  this  form  of  undulation  consequently  pie-* 
Hf.^fM  n  larffit  amount  of  coal  above  water-level,  and  brings  idl  the  ooal* 
y^U  w\^UU%  a  reaflfmable  distance  from  the  surface.     We  presume  none  of 
fl^  ¥fhfUn\t\ti  Mmnm  are  over  a  thousand  feet  vertical  in  any  portion  of  ths 
I^U^iMU\u  r^%um ;  and  the  Mammoth  is  accessible  generally  with  a  mode* 
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nth  of  ahafling,  soy  from  200  to  500  feet.  Bat  slopes  are,  or  will 
rally  in  use  in  this  region ;  though  to  the  present  time  raoet  of  the 
18  done  above  water-level  by  drifts  and  tunuela. 


AVENTJE3   TO   MARKET.— COAL- TRAKSPORTI NO   RAILROADS. 

lines  of  ronl-transporting  railroads  now  exist  from  the  Shamokin 
a  the  several  markets, 

Srst  and  oldest  is  the  Shamokin  Valley  &  Potfsville  Railroad, 
[tends  from  Mount  Carmcl  to  Sunbury,  a  distanec  of  27  miles.  This 
onectA  with  the  Northern  Central,  and  over  it  has  an  avenue  by 
Joltimore  and  all  intermediate  points.  It  also  eonuects  with  the 
lanna  Canal  at  Sunbury,  which  gives  Shamokin  connection  by  water 
a  Bame  points.  This  railroad  also  connects  with  the  Sunbury  & 
id  over  it  has  direct  communication  with  the  Great  Lake^  and  the 
Mtem  cities,  which  now  consume  considerable  quantities  of  anthra- 

ond  line  of  mil  connects  the  Shamokin  Valley  &  Pottsville  with 
le  Hill  &  Schuylkill  Haven  Railroad,  via  I^ioeust  Gap  and  Big 
Fhb,  however,  is  a  continuation  of  the  Mine  Hill  road,  which 
from  Schuylkill  Haven  to  I^ocust  Gap,  via  Coaleastle,  Planes,  and 
0^  a  distance  of  28  miles.  This  line  furnishes  a  direct  communi- 
rith  Philadelphia  for  the  coal-trade  of  Shamokin. 
rd  lino  extends  from  Mount  Carmcl,  via  Centreville,  Shenandoah, 
Qnakeake  Valley,  to  the  BenTer  Meadow  Railroad,  a  short  distance 
ycatherly.  This  line — the  Lehigh  &  Mahanoy  Railroad — is  40 
.  length,  and  opens  communicatioD  with  the  Kew  York  markets,  via 
ligh  Valley  and  New  Jersey  Central  Railroads.  A  fourth  line 
HD  the  Trevorton  mities  to  Port  Trevorton,  on  the  Susquehanna,  a 
I  of  13J  miles.  '  , 
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iM&Co 54,133 

Jird 52,739 

0  Coal  Company. 39,933 

Douty,  agent 33,678 

tHerah 31,122 

1  Coal  &  Iron  Co 22,794 

Donahoe 25,105 

IB  4  Co 21,283 

ibenderASons 12,727 

tCo 7,058 

ralley  Coal  Company . .    6,342 


J.  H.  Dewees  &  Bto 1 

J.  B.  Douty  &  Co 1, 

Lomison  &  Co 1, 

Coal  Ridge  Imp.  Co 

May,  Patterson  &  Bro.... 

J.  R.  Bonghner 

8.Ti!ey 

Pennington,  Douty  &  Co, 
Kelley 


,101 
766 
682 
363 
160 
70 
8 
,478 
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Of  this  smonnt  210,360  tona  paased  over  the  Mine  Hill  &  Sdiajlldll 
Haven  road  to  the  Philadelphia  markets,  and  the  balance,  123,118  tou^ 
passed  over  the  Shamolfin  Valley  &  Pottsville  road  to  Sonbuiy  and  the 
Southern  aud  Xorthwestem  markets. 

Id  addition  to  the  shore,  m  miut  add  the  products  of  the  IW 
vortoti  Coal  k  Railroad  Company,  which  sent  to  market  dnriag 

1864 66^01  tons. 

Amonnt  fay  other  roads 833.478 

Total  from  the  Shamokin  re^n 339,779    " 

The  Lehigh  &  Mahanoy  Railroad  was  not  completed  for  last  year's  trade; 
and  it  will  be  as  much  as  the  company  can  do  to  get  it  in  operation  in 
1865.  When  completed,  however,  it  will  open  an  available  avenae  to  the 
New  York  markets,  with  some  a<lvantage  over  the  Lower  Wyoming 
mines,  und  on  nearly  equal  terms  with  the  Upper  Lehigh  bosina. 
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CHAPTER  XL 

THE  FIB8Ty  OB  80UTHEBN  OOAL-FIEIiD. 

'orm  and  Extent — ^Mine  Hill  Basin — Area  of  Coal-Field — ^Topography — SHarp  Moun- 
in — Jugalar — Geology — Map  and  Seotiona — ^The  Conglomerate — Thiokness  and  Extent 
•Coal  Meaenres — Lehigh  District — Room  Bun  Minea-— Summit  Blinee— Great  Open 
oarry — Modes  of  Mining — ^Tunnels — Identity  of  Coal-Beds— Sections— TamaquaDistriol 
-Folded  Strata — Bepetition  of  the  Coal-Beds — Sites  of  the  Seams — ^TransTerse  Section— 
ertical  Section — Siies  of  the  Goal-Beda— Section  at  Greenwood. 

Fhe  first  of  the  anthracite  ooal-fields  lies  on  the  sonih  of  the  anthracite 
;ioDfl^  and  extends  in  an  east-and-west  direction  fix)m  the  Lehigh  as  its 
item  extremity  to  a  point  near  the  Susquehanna  as  its  western  terminns. 
is  a  long  and  narrow  basin^  or  series  of  parallel  basins,  consisting  of  a 
imber  of  long,  slender,  synclinal  troughs  and  sharp,  narrow,  anticlinal 
Iges,  which  traverse  the  coal-field  in  ^ih^lon  from  south  to  north  by  the 
^t  flank.  This  general  strike  of  the  anticlinals  is  consistent  through- 
tt  the  anthracite  r^ions ;  and,  while  the  coal-fields  themselves  lie  in  the 
me  form  on  the  map,  with  a  general  direction  from  east  to  west,  the  axes 
'  formation  all  point  northeast  and  southwest. 

The  extreme  length  of  the  South  coal-field  is  about  73  miles,  with  a 
ean  breadth  of  two  miles  and  a  maximum  of  five  miles.  It  commences 
I  the  Lehigh  in  a  sharp,  narrow  point,  and  gradually  widens  towards  its 
ntre,  which  is  about  the  location  of  Minersville.  From  this  point  it 
'preciates  in  size  towards  Tremont,  where  it  is  about  three  miles  wide, 
id  from  thence  again  increases  to  the  point  of  division,  five  miles  west  of 
femont,  where  the  field  is  separated  and  forms  two  prongs,  or  long,  slender 
^tensions.  The  south  fork  preserves  the  general  western  direction,  and 
^ends  about  27  miles  from  the  point  of  division,  in  the  vicinity  of  Lor- 
iny  Creek,  to  a  point  near  Dauphin  on  the  Susquehanna.  The  north 
rk  projects  in  a  northwestern  direction,  on  a  line  with  the  axes  of  forma- 
5n,  or  the  anticlinals  of  the  field  generally.  It  is  about  17  miles  in 
ngth,  from  the  vicinity  of  Bausch  Creek  to  a  point  three  miles  west  of 
ear  Gap,  in  Lykens  Valley. 

A  distinct  body  of  coal,  known  as  the  Mine  Hill  basin,  but  included  in 
is  field,  lies  along  its  northern  edge  in  a  central  position :  it  is  14  miles 
ig,  with  a  maximum  breadth  of  about  half  a  mile. 
The  entire  area  of  the  coal-field  is  estimated  at  146  square  miles,  and.  ^-r^' 
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lias  been  divided  by  P.  W.  Sheafer,  one  of  our  prominent  geoIogistB  and 
mining  engineers^  into  the  following  districts  and  areas  :^ 

Sq.  Aeraf. 

1 .  Lehigli  ooal-district,  east  of  Tamaqua 16  10,240 

2.  Tamaqua  to  Pottsville 36  23,040 

8.  From  Pottsville  to  forks  of  basin 55  35,200 

4.  Korth  fork,  Lykens  Valley  prong 16  10,240 

5.  South  fork,  Dauphin  prong 15  9,600 

6.  Mine  HUl  basin J  6,120 

146  93,440 

Compared  with  the  Middle  coal-field^  the  Southern  field  is  one-third 
greater  in  extent ;  but  with  the  Northern  coal-fieId|  it  is  one-fourth  Ies»^ 
The  three  principal  coal-fields  form  an  aggregate  area  of  435  square  miles  s 
ooDscqueutly,  this  field  constitutes  about  one-third  of  the  area.  The  Lehigl  J 
basins,  which  are  a  detached  group,  have  an  aggregate  area  of  36  square.* 
miles;  which  swells  the  entire  area  of  the  anthracite  regions  to  470  square 
miles. 

TOPOGRAPHY  OF  THE  FIELD. 

The  Southern  coal-field  is  bounded  and  set  by  the  same  frame  or  cha— 
racier  of  mountain-ranges  as  those  which  distinguish  tlie  other  anthracite 
fields.     The  range  on  the  south  is  continuous  from  one  end  of  the  ooal-fielcl 
to  the  other,  and  is  known  as  the  Sharp  Mountain.     It  is  a  steep^  sharpy 
monoclinal  mountain,  with  a  crest  of  coarse  massive  conglomerate,  and  a 
base  on  the  south  of  soft  red  sliale.     The  outcrops  of  this  range  are  all 
south,  and  the  dips  to  the  north,  underlying  the  first  basins  of  the  coal- 
field.    At  the  en^tcrn  extremity  of  the  field  the  Sharp  Mountain  unites 
with  the  Locust  Mountain,  and  is  known  as  the  Mauch  Chunk  Mountain. 
It  terminates  in  an  abrupt  point,  almost  overhanging  the  Lehigh  River, 
and  towering  over  one  thousand  feet  above  it.     This  terminal  knob  or 
point  is  known  us  Mount  Pisgah,  and  is  crowned  by  the  engines  of  the  Lehigh 
Coal  &  Navigation  Company,  for  the  elevation  of  their  coal-cars  up  the 
Mount  Pisgah  planes  to  the  head  of  the  back  track,  which  is  a  gravity-line, 
to  the  mines,  and  which  we  will  describe  under  the  proper  head,  appro- 
priate to  our  mining  establishments,  in  the  Appendix. 

From  the  Lehigh  to  a  point  about  20  miles  west,  the  north  range  is 
known  as  the  Locust  Mountain ;  but  whether  this  is  intended  as  a  con- 
tinuation of  the  lioeust  Mountain  of  the  Middle  coal-field  is  not  clear. 
There  is  no  geological  or  topographical  connection  between  the  two;  but 
such  a  nomenclature  would  be  no  more  arbitrarv  tiian  the  misnomers 
which  distinguish  the  topography  of  Mahanoy  and  Shaniokin. 

At  the  point  named,  the  Locust  Mountain — ^which^  like  the  Sharp  Mo^n* 
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Id,  has  ft  tnonoclinal  axis,  but  with  a  northern  outcrop  and  a  Boutbern 
p— onites  with  the  Broad  Mountain,  This  mountain,  as  the  tastp  indi- 
ta,  is  a  broad,  uudulatiug  plateau  of  conglomerate,  lying  between  the 


tral  portions  of  tliL-  Southern  field  and  the  Mahanoy  division  of  th* 
]dl(!  field:  it)-  iniixi:.'.um  breadth  is  about  six  miles,  and  its  greatvst 
>tb  twentv  milea. 
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It  coDtaina  seveial  small,  independeDt  baaitu  of  coal  along  its  Bommil 
which  we  shall  describe  separately,  as  they  have  no  oonnecdoa  with  tit 
other  coal-Gelds. 

Along  the  southern  foot  of  the  Broad  Mountain  lies  the  Mine  Hil 
basin,  which  is  simply  separated  irom  the  main  coal-field  by  the  sharp  aa 
narrow  anticlinal  ridge  of  the  Mine  Hill,  which  at  each  extremity  entet 
the  Broad  Mountain,  and  of  which  it  seems  a  part,  separated  only  by  tb 
Mine  Hill  basin.  This  sumll  basin  lies  deep  in  its  central  portions,  bo 
its  extremities  are  elevated  to  the  surfiice.  Like  an  Indian  pirogue,  it  i 
long  and  narrow,  deep  in  the  middle,  but  pointed,  sharp,  and  elevated  ■ 
the  ends.  There  is,  however,  a  second  subordinate  basin  within  the  am 
one,  lying  on  the  north,  which,  like  a  second  canoe,  smaller,  sharper,  an 
more  narrow  than  the  first,  lies  alongside.  This  is  called  the  Jugnla 
synclinal,  and  is  divided  from  the  first  by  the  Jugular  anticlinal :  at  ead 
extremi^  of  the  smaller  basin  this  anticlinal  distinctly  separates  the  twi 
basins,  but  in  its  centre  the  coal-veins  overlap  the  saddle  and.  connect  tin 
strata  on  the  axis. 

This  northern  basin  is  peculiarly  sharp,  deep,  and  narrow, — its  sbab 
having  a  uniform  dip  in  its  centre  to  the  south.  The  shonld-be  north  dip* 
are  inverted,  and  really  underlie  the  south  dips  of  the  main  basin.  Hiii 
peculiarity  was  at  first  a  source  of  much  speculation  and  misconception  b} 
our  mining  engineer,  since  the  coals  of  the  entire  basin  were  mistake  foi 
underlying  veins ;  and  much  time  and  money  has  been  spent  in  vain  efforti 
to  discover  them  elsewhere, 

The  Mammoth  is  so  doubled  and  brought  in  coMnectios  in  this  baut 
th.it  it  has  been  taken  for  one  vein  of  enormous  thickness,  and  called  tbt 
"Jugular;"  while  the  four  underlying  veins  arc  also  repeated:  so  tliat,  ir 
appearance,  tliere  would  seem  to  be  twelve  or  tliirtecn  veins  underlyiti| 
the  Mammoth  in  the  Mine  Hilt  basin.     Figure  64  represents  the  tm 


basins  at  the  eastern  extremity  of  the  formation,  or  where  the  Mammoi 
is  unearthed,  in  the  vicinity  of  Mill  Creek  Gap,  above  St.  Clair. 
The  Mine  Hill  formation  is  parted  near  its  western  end  by  the  Peaks 
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MooDlaiD,  and  divided  into  two  minialure  prougs  or  forks,  in  imitation  of 
be  western  division  of  ttie  main  coul-field.  Here  the  main  basin  fornui 
two  distinct  sjiiclinals,  divided  b^  the  anticlinal  of  Pickett,  or  Peaked, 
kfonntain. 

We  have,  perhaps,  diverted  attention  from  the  bounding  mountaia- 
nuiges  of  this  field  by  stopping  to  notife  tlio  Mine  Hill  basin;  but  it  will 
be  remembered  that  the  Locust  Mountain  forms  the  north  boundary  about 
20  miles  along  the  eastern  end,  and  enters  the  Broad  Mountain.  This 
tsnge  or  mountain-plateau,  then,  forma  the  north  marginal  line  of  the  field 
G>r  a  distance  of  about  20  miles  to  a  point  near  tho  Falls  of  Swatara.  From 
nr  near  this  vicinity  Thick  Mountain  forms  the  north  boundary  past 
Tremont  and  beyond  the  main  forks  of  the  field  to  some  indefinite  point, 
—perhaps  Klingcr's  Gap, — and  from  thence  to  the  western  extremity  it  IB 
Itnowa  as  Short  Mountain.  Thu^  tlio  bounding  mountain -range  to  tho 
north  Is  locally  named  and  known  by  the  primitive  nomenclature,  which 
Kpplied  the  eognomens  from  local  fciitures,  without  regard  to  geology  or 
topography.  The  "Mine  Hill"  would  be  an  appropriate  name  for  the 
entire  range,  since  it  would  be  nearly  continuous  aotf  would  really  form  a 
bounding  line  trom  east  to  west,  leaving  the  Mine  Hill  basin  outside  and 
independent  of  the  main  field, — as  it  i,^,  with  the  exception,  perhaps,  of  an 
Uncertain  connection  near  Swatara;  but  even  here  it  is  doubtiiil  whether 
ttie  underlying  veins  connect. 

'  A  section  of  the  field  ia  tho  vicinity  of  Swatara  will  be  found  farther 
on,  frttm  (hita  furnished  by  Oil,  D.  P.  Brown,  who  is  practically  familiar 
with  that  portion  of  the  coal-field. 

The  south  boundary  of  the  north  fork  is  known  as  Big  Lick  Mountain: 
it  unites  at  the  point  of  division  with  the  Fourth  or  Stony  Mountain,  which 
&rms  the  north  boundary  of  the  south  or  Dauphin  fork,  and  at  the  west- 
cm  extremity  with  the  Short  Mountain,  which  is  the  terminal  knob  of  the 
north  or  Lykens  Valley  fork.  The  Big  Lick  Mountain,  above  noticed  as 
tbe  north  boundary  of  the  south  fork,  unites  at  the  western  extremity  of 
ibe  Dauphin  prong  with  the  Sharp,  or,  as  it  is  locally  called,  the  Third, 
Mountain. 

All  these  bounding  mountains,  with  tlie  exception  of  the  Broad  Monn- 
lain,  are  monoclinal  ridges,  with  crests  of  massive  conglomerate  and  outward 
W9  of  red  shale.  Those  on  the  south  have  north  dips,  and  those  on  the 
noriii  south  di]is,  forming  an  interior  undulating  basin  from  crest  to  crest 
of  those  marginal  mountains.  A  glance  at  the  map  will  show  the  blue 
OQtlmes  of  those  conglomerate  monoclinals  surrounding  the  basin,  with 
the  ptatc^D  of  the  Broad  Mountiuu  stretching  from  the  First  to  the  Middle 
ooal-fickl.  With  this  exception,  the  blue  border  is  set  in  a  wide  frame  of 
red  shale,  which  not  only  partially  surrounds  the  first  coal-field,  but  com- 
pletely envelops  both  the  First  and  Second,  or  Southern  and  Middle,  coal- 
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fields.  The  dark  tints  of  the  coal  lie  in  long,  narrow  strips  in  the  centre 
of  those  borders  of  blue  and  red^  and  exist  in  natore  as  portrayed  in  the 
map. 

The  interior  of  the  coal-field  is  peculiar.  Its  topography  aad  botanj, 
as  well  as  its  geology,  differ  widely  from  the  surrounding  border.  The 
interior  ridges,  with  the  exception  of  the  Mine  Hill, — ^which  is  of  the  same 
formation  and  character  as  the  surrounding  mountains, — are  undulating 
and  diversified.  They  conform  to  the  water-courses  more  than  to  the 
anticlinals  of  the  coal  measures,  and,  consequently,  roll  in  all  directions, 
as  frequently  at  right  angles  with  the  mountain-ranges  as  parallel  with 
them.  The  interior  sides  of  the  marginal  mountains  are  generally  lapped 
with  the  coal  measures  half-way  to  their  summits;  but  above  the  cool  is 
exposed  the  white  and  massive  conglomerate. 

The  softer  shalcj^,  slates,  and  sandstones  of  the  red-ash  coal  measures— 
the  up|)cr  series  of  Rogers — form  a  warm,  dry,  and  friable  soil,  which 
produces  and  supports  a  vegetation  peculiar  to  itself  or  to  such  fonnations 
generally  in  this  latitude,  and  not  only  to  this,  but  to  all  the  anthracite  and 
bituminous  fields.  We  notice,  however,  that  the  soils  in  the  vicinity  of 
the  white-ash  veins  are  colder  and  more  silicious,  and  prodace  quite  t 
different  vegetation ;  while  the  upper  or  red-ash  coal  measures  produce  the 
chestnut-oak,  chestnut,  dogwood,  laurustinus,  and  such  dry,  wann-soil 
trees  and  shrubs:  the  lower  or  white-ash  coal  measures  and  the  con- 
glomerates sup])ort  the  resinous  pines,  swamp-oaks,  hemlock,  bay-laurel, 
ferns,  &c.,  or  such  vegetation  as  grows  in  flinty,  silicious  soils  or  cold,  low 
grounds. 

The  red  shales  lying  below  the  conglomerates  also  support  a  warm 
growth  of  vegetation,  similar  to  that  produced  by  the  upper  cool-measores; 
but  neither  produces  nor  supports,  to  any  extent,  the  botanical  productiom 
of  a  rich  or  luxuriant  soil.  The  walnut,  poplar,  hickory,  cherry,  locmt, 
elm,  &c.  do  not  exist  within  the  anthracite  coal-fields  or  in  their  vicinity. 

GEOLOGY  AND  INTERIOR  FORMATION  OP  THE  FIELD. 

Included  in  the  Carboniferous  strata  we  find  the  Vespertine  sandstone, 
the  proto-  or  subcarbonifcrous,  and  the  Umbral  red  shales,  both  overlying 
the  Ponent,  or  old  red  sandstone  of  the  English,  and  underlying  the  ooa- 
glomerate. 

The  vertical  section  on  the  left  side  of  the  accompanying  map  of  the 
anthracite  coal-fields  is  designed  to  illustrate  the  formation  in  the  vidnitj 
of  Pottsville,  from  the  Vespertine  to  the  top  of  the  coal  measures.  It  frill 
be  noticed  that  the  Vespertine  is  colored  in  the  sections  as  in  the  map^ 
while  the  Umbral  red  shale  is  the  same  in  each;  the  conglomerate  Une^ 
and  the  coal  a  black  tint.    Thus  the  map  and  sections  illastrate  at  i 
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;;buice  the  geology  of  the  coal  formations,  nnd  will  convey  a  better 
mpressioD  tlian  words,  or  aiiy  written  deecri|>tion,  of  the  clmracter  and 
^oeral  formation  of  our  coal-lwiflinfl  and  their  subordinate  strata. 

We  have  given  four  geological  sections  on  the  map: — first,  a  vertioal 
BCtion  of  tlje  anthracit*  formations  near  Pottaville;  aecond,  a  vertical 
lection  of  the  Western  or  bituminous  formations,  which  may  be  acceptt-d 
IB  a  general  type  of  the  great  Alleghany  coal-field,  but  not  the  more 
netem  eoal-fielda.  We  will  give  a  general  section  of  the  more  western 
ields  in  connection  with  the  Great  Central  coal-field  of  Illinois  aud 
tDdiaoa. 

The  third  section  on  the  map  is  a  transverse  section  from  the  Lehigli 
lammit  mines,  in  the  eastern  end  of  the  Southern  coal-tield,  across  the 
[jehigh  basins,  to  the  lower  or  western  end  of  the  Wyoming  or  Northern 
Nwl-fiekl.  The  fourth  is  a  transverse  section  from  Pottaville,  across  the 
niddle  of  the  Southern  coal-field,  the  New  Boflton  or  Broad  Mountain 
Msins  nnd  the  Mahanoy  region  of  the  Middle  coal-field,  to  the  vicinity  of 
Shemmdoah  City,  From  thenoe  the  continuation  of  (he  section  is  from 
[lOcast  Gap  across  Uie  Shamokin  r^ion  of  the  Middle  eonl-field  to 
Bumoliin.     The  principal  undulations  are  only  given  in  the  latter  region. 

The  scale  and  the  colors  of  the  different  formations  will  be  sufficient  to 
Isrplain  theraj  without  further  description. 


THE  GREAT  CONG tOMER ATE. 

This  peculiar  rock  seems  to  be  the  base-rock  or  floor  of  nil  the  trne  coal 
brmations,  or  those  of  the  great  Carboniferous  era,  throughout  the  world, 
rherever  such  coal  is  found.  We  do  not  find  any  great,  reliable,  or 
Extensive  coal-field  in  any  other  condition.  An  exception  can  scarcely  be 
oade  to  the  Great  Australian  coal-field,  or  the  coals  of  the  enbcarboniferons 
leriod  in  England,  since  neither  of  those  coal  formations  is  practically 
leveloped  or  definitely  assigned  to  a  prominent  poeition;  while  the  first  is 
till  in  a  doubtful  status  as  to  its  relative  age  or  position. 

In  the  vidnity  of  Fottevilie  the  conglomerate  is  over  1000  ieet  thick, 
I  vast  heterogeneous  mass  of  firmly-cemented  quartzoee  nodules,  from  the 
ice  of  a  pin  to  that  of  a  hen's  e^,  diversified  by  intervening  strata  of 
narse  sandstones,  shales,  and  sometimes  thin  veins  of  coal.  It  is  an 
ixtremely  persistent  deposit,  and  is  found  everywhere  below  the  coal, 
liroughout  the  bituminous  as  well  as  the  anthracite  fields. 

At  the  eastern  extremity  of  the  Southern  field,  near  Maoch  Chnnk,  the 
ODglomerate  is  950  feet  thick ;  at  Nesquehoning,  a  few  miles  &rther  west, 
od  CD  the  opposite  side  of  the  field,  it  ia  792  feet  thick;  at  Tamaqua  it  is 
03  feet;  at  Pottsville,  1030  feet;  at  Lorberry  Gap,  675  feet;  at  Yellow 
firings,  660  feet;  and  at  Bear  Gap,  Wiconisco,  460  feet    But  at  the  latter 
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place  it  is  found  doubled  between  the  north  and  south  basins,  as  shown  by 
figure  93. 

In  the  Lehigh  detached  basins  it  is  generallj  about  700  feet;  at 
Mahanoj^  near  Ashland,  800  feet;  and  at  Shamokin,  630  feet  At 
Solomon's  Gap,  in  the  Wyoming  r^on,  it  is  170  feet  thick,  and  at  Nan- 
tiooke,  60  feet;  but  here  the  underlying  coarse  sandstones  sometimeB 
increase  it  to  nearly  double  those  dimensions. 

In  the  Broad  Top  coal-region,  which  lies  about  30  miles  east  of  the 
margin  of  the  Great  Alleghany  coal-field,  and  a  little  west  of  the  Wyoming 
formation,  the  conglomerates  appear  to  be  100  feet  thick,  and,  inclusiYe  of 
the  coarse  sandstones  between  the  coal  and  the  red  shales,  250  feet. 

In  Sullivan  county  is  found  the  most  eastern  and  northern  ooal-basm 
of  the  great  Western  bituminous  formations;  and  here  the  conglomerate  is 
a  coarse,  massive  rock  about  30  feet  thick;  while  the  sandstones  between 
the  conglomerate  and  the  red  shales  are  frequently  from  300  to  600  feet 
thick,  containing  one  or  two  seams  of  imperfect  limestone. 

The  conglomerate  proper  continues  to  depreciate  to  the  west,  and 
frequently  consists  of  a  thin  plate  of  fine-grained  sandstone,  only  ten  (10) 
feet  thick,  but  so  set  with  quartzose  pebbles  as  to  be  unmistakable  in 
character.  Yet  accompanying  this  conglomerate  plate  are  frequently  laige 
and  massive  strata  of  coarse  sandstone,  which  belong  properly  to  the  mill- 
stone grit.  In  the  Great  Central  coal-field  in  Illinois  this  millstone  grit, 
which  is  synonymous  with  our  conglomerate,  is  300  feet  thick^  according 
to  Prof.  Wilber,  of  Illinois. 

COAL  MEASURES. 

NESQUEHONIKO  OE  RHTJMB  EUN  MINES. 

As  this  will  embrace  a  general  description  of  the  coal-field,  its  undab- 
tions,  basins,  saddles,  and  axes  of  formation,  with  the  coal-seams  and  otber 
details,  we  will  commence  at  the  Lehigh  extremi^,  and  describe  the  field 
in  districts,  with  sections  to  illustrate  its  general  features. 

The  Rhume — or,  as  it  is  sometimes  written,  the  Room — ^Run,  or  Nes- 
quehoning  mines,  are  the  most  eastern  of  any  importance.     The  cd 
measures  exist  here  almost  on  their  ends,  as  our  miners  would  say;  thit 
is,  they  are  nearly  vertical,  and  are  formed  into  two  deep  and  narrow 
basins,  which  rise  rapidly  in  an  eastern  direction.    The  south  dips  of  the 
north  basin  are  from  45°  to  50° ;  while  the  north  dips  of  the  same  basA    j 
are  vertical.    The  axis,  or  saddle,  between  the  basins  is  sharp  and  narrow, 
and  the  south  dips  of  the  south  basin  are  from  50°  to  60° ;  while  the  north 
dips,  as  proved  at  '^Hacklebumey,''  are  inverted;  that  is,  they  dip  soadk 
at  their  outcrops  and  change  in  their  descent  to  the  north.     The  veins  cat 
here  in  the  old  tunnels  were  counted  twice,  as  they  were  cut  through  both 
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I  nortli  dipe  in  the  same  basin  before  it  was  known  that  a  basin 
b  the  point:  consequently,  they  were  named  and  numbered 
ly  as  separate  beds. 

ifl  8ome  difficulty  in  recognizing  the  identity  of  the  veins  in  this 
rom  tlie  great  cliange  in  their  sizes  and  character;  and,  though  a 
f  taonels  are  driven  from  thia  point  beyond  tlie  old  mines  at  the 
here  seems  to  be  no  conformity  or  general  sameneas  ia  any  of'fhe 
ince  the  veins  range  in  size  and  character  to  extremes.  The  Big 
fidoubtedly  the  Mammoth;  but,  aa  far  as  pi-oved,  the  Buck 
.  does  not  appear  in  its  usual  condition,  though  the  other  veins 
mtly  larger  than  usual :  yet  these  conditions  are  not  generally  as 
as  they  are  when  in  their  average  sizes. 

[lowing  table  will  present  the  names  and  identity  of  the  beds  as 
is  possible  to  do  under  present  development : — 


Woikabla  CoiJ. 


Shelly  coal.       '  , 

Not  reliable. 
Ititck  Mountaiu  t 
Ohuogeable. 
IMmmuoth  ? 
Manunothf 
PrintroBe  ? 


Identical  i 


;th7. 


«1..... 


t  vein,  north  dip.,. 
t  vein,  south  dip... 


11    ' 


seems  to  be  some  doubt  as  to  which  is  the  Mammoth  at  Nesque- 
rhether  it  is  No.  3  or  Nos.  5  and  6.  No.  3  is  in  the  proper 
f  the  Buck  Mountain  vein,  and  Nos.  5  and  6  are  where  the  Mam- 
ht  to  be,  but  are  here  divided.  If  we  aecept  Nos.  6  and  6  as  the 
li,  we  can  identify  the  remaining  veins  with  those  existing  in  other 
hot  if  No.  3  is  the  Mammoth,  we  cannot.  Some  of  the  small 
t  in  those  funnels  have  not  been  recognized ;  and  it  is  scarcely 

0  trace  the  veins  from  their  north  to  their  south  dips,  owing  to 
seions,  since  in  this  locality  the  veins  vary  to  extremes  from  their 

1  to  their  minimum  sizes,  in  short  distances. 
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It  will  be  observed  in  the  fbregoing  table  that  only  seren  vciiu  exirt  in 
this  section  (£  the  field;  and  it  is  not  at  all  probable  that  any  of  tliem  an 
above  the  Primrose,  or  G;  and  this,  whidi  is  No.  7,  or  the  12-&et 
vein^  appean  to  be  the  same  aa  No.  8,  or  the  Pencil  t^,— one  being 
the  south  and  the  other  the  north  dip.  Nos.  5  and  6  would  thiu  appear 
to  be  identical  with  Noa.  9  and  10,  and  these  voold  appear  to  be  the 
Mammoth  divided,  aa  it  frequently  is  in  many  portions  of  tiie  coal-field. 

Koe.  3,  13,  and  14  vould  thus  be  the  Buck  Mountain  on  dif&zent  dipt. 
But  we  must  confess  that  this  theory  is  based  on  what  ought  to  be  tha 
condition  of  the  vrins,  more  than  on  the  developments;  and  yet  it  is  both 
possible  and  probable,  notwithstanding  appeoranoes  to  the  oontnuy.  The 
following  section  of  the  so-called  Mammoth  at  the  Nesquehomng  mines 
does  not  come  up  to  our  ideas  of  its  proper  proportions,  and  particularly 
when  we  kuow  that  ite  overlying  veins  are  of  equal  «r 
Fio.  65.         greater  dimensions. 

We  may  remark  in  this  connection  that  onr  data  an 
chiefly  derived,  in  this  instance,  from  Rogers's  late  repoi^ 
or  Geology  of  Pennsylvania,  which,  unfortunately,  pre- 
sents a  "  tangled  web"  in  almost  every  attenqit  to  jostifr 
the  coal  strata.  We  must  add,  also,  that  the  Lehigh  iniiwn 
have  made  no  attempt  to  classify  or  identify  their  Trias; 
and,  though  we  were  kindly  fumbhed  all  the  inionnatMB 
available,  it  has  been  impossible  to  bring  order  oat  <rf'  6tt 
confusion  that  here  exists.  The  question,  however,  il 
simply  this:  Is  the  first  large  vein  above  the  oonglomt- 
rate  the  Alammoth,  or  the  Buck  Mountain?  If  the  lattff, 
then  Nos.  6  and  6  of  the  foregoing  table  are  the  Uam- 
moth,  and  the  veins  &11  into  order  and  are  in  plao^  ■> 
shown  by  figure  66,  in  which  we  have  given  all  the  vein^ 
la^e-and  small,  and  have  named  them,  as  all  our  sections  are  named,  «^^ 


o,  d,  ee,  f.  If  the  contrary  is  correct,  theo  b  would  be  e,  and  ee  woald  lit 
g,  h,  or  the  Primrose  and  Orchard, — which  is  impossible,  since  those  TOiM 
have  never  been  found  as  large  as  these  would  make  theuL  A^in,  As 
lower  veins  here  are  red-ash,  while  the  upper  ones  are  white-ash;  and  dd 
should  be  sufficient  to  confirm  us  in  our  ooncluaions. 
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mfen  of  the  former  minee,  or  Rhnme  Bnn,  at  Nesqaeboning, 

east,  fidl  into  the  Lehigh  River;  while  the  waten  of  !PBiitb« 
''all^,  miLDing  west,  unite  with  the  Little  Sohnylkill  at  Tamaqua. 
in  or  field  widens  in  this  direction,  and  the  ^na  which  are  ver- 
Neaqaeboning  are  here  changed  to  moderate  angles,  and,  conae- 

to  more  &vorable  conditions  both  in  r^ard  to  the  chatacter  of 

B  and  the  quality  of  the  coal.     At  Neaqaehoning  the  veins  are  iLot 

Their  present  vertical  position  was  not  their  original  or  normal 

D,  which  must  have  been  at  a  comparativelj  low  angle.    The 

which  threw  them  into  vertical  positions  cmahed  and  destroyed 
iformity  and  seriously  injured  the  workable  qualities  of  both  veins 
1,     There  is  only  one  vein  worked  at  present  at  the  Bbnme  Bun 

section  of  which  is  given  in  figure  66. 
«  Summit  and  Panther  Creek  mines  the  Ijehig^  Company  hare 

their  operations  exclusively  to  the  Big  vein.  Three  modea  of 
:  have  been  pursued.  First,  tbe  great  bed  at  the  Summit  was 
.  Boccessfuliy,  as  ordinary  rocks  are  quarried,  in  an  open  qnaiiy. 
vf  were  enabled  to  do  by  the  immense  thickoesa  of  tibe  bed  and  Its 
ty  to  the  sur&oe.  But  little  cover  or  earth  rested  onrar  it,  and  this 
ly  removed,  leaving  a  mass  of  coal  over  60  feet  ibiok  Ally  e^ioaed. 
37  will  explain  this  peculiar  formation. 


bided  black  stratum  on  the  right  of  the  section,  reeling  against  at  on 
p  mountain-range,  is  tlie  location  of  the  celebrated  Lehigh  quany. 
»er  portion  of  this  coal  waa  worked  in  the  daylight,  t^  nncovering 
loviog  the  thin  strata  of  Blate,  shale,  and  earth  which  covered  it. 
per  portions  have  been  mined  by  slope  in  the  ordinary  manner.  It 
observed  that  the  bed  is  frequently  doubled,  fbnning  several 
ces.  In  these  cases  it  is  of  enormous  thickness,  or  double  its 
.  Should  a  tunnel  be  driven  across  the  folds,  the  vein  would  be 
times  in  succession,  and  yet  have  the  appearance  of  being  but  one 
X)al.     Tbe  operations  of  the  forces  which  formed  our  deep  and 
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inverted  basins  are  here  fully  demonstrated.  It  is  evident  that  no  lifHng 
force  exercised  by  the  ]aws  of  nature  would  or  could  produce  the  effects 
h^  demonstrated.  That  a  depreanon  of  the  basins  of  Kesqu^oning 
aided  to  form  their  present  deep  and  steep  conditioQ,  needs  no  farther  proof 
than  is  offered  in  figure  66 ;  and  that  contraction  completed  the  work,  by 
crushing  the  strata  tt^ther  and  inverting  the  measures,  is  equally  evideoL 
These  forces  are  irresistible. 

In  figure  67  we  see  another  remarkable  evidence  of  contraction.  The 
general  form  of  the  basin  on  the  summit  is  evidently  very  near  its  original 
condition,  with  the  exception  of  the  peculiar  folding  exhibited  along  its 
centre.  It  was  once  a  uniform  basin,  of  moderate  depth  and  gentle  nndu- 
lation ;  but  since  the  formation  of  its  coal,  or  during  the  Carboniiooiii 
era,  the  Panther  basin  became  depressed,  and  perhaps  the  snmmit  became 
slightly  elevated  by  the  forces  which  contracted  the  measures  or  crushed 
them  into  their  present  folded  or  corrugated  shape. 
Our  section  presents  this  formation  at  ita  minimum 
angles.  The  dip  along  the  Sharp  Mountain  range  ii 
frequently  greater.  But  this  upper  basin  is  limited  ia 
extent,  and,  though  the  coal  is  of  enormous  thicknes 
locally,  it  is  confined  to  a  space  of  less  than  a  squan 
mile. 

The  lai^  vein  here  developed  is  andoubtedly  the 
Klammoth,  however  it  may  connect  with  the  Nesque- 
honing  veins.  The  accompanying  section  illustrates 
its  size  and  character,  as  worked  in  the  open  qoany. 
The  style  of  the  engraving  differs  from  those  we  have 
furnished  as  originals;  but  it  is  ncverthclesss  oomct, 
and  consistent  with  the  original  section  fiinushed  ui 
by  Mr.  Patterson,  the  General  Mining  Snperintendoit 
of  the  company.  It  will  be  noticed  in  another  put 
of  this  work  that  we  have  poichased  some  of  the 
elegant  illustrations  from  the  publications  of  tbe 
Messrs.  Harper.     This  is  one  of  them. 

Figure  68  represents  a  perpendicular  view  of  flu 
stratification  of  the  Mammoth,  in  the  celebrated  Opo 
Quarry  at  the  old  Lehigh  Summit  minea.     It  rai^ 
from  50  to  70  feet  in  thickness,  and  was  covered  *itk 
from  6  to  20  feet  of  earth  and  slates.    Bat  the  thick- 
ness of  the  covering  increased  rapidly  from  the  oat 
TKE  OPM  <(uA»r  *T  THE     of  thc  antlcllnals  or  saddle  to  the  synclinals  or  badn; 
and  it  was  ibund  more  economical,  eventually,  to  es- 
cavate  the  coal  by  the  ordinary  processes  of  mining,  than  1^  the  old  Cf 
original  mode  of  quarrying. 
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The  Summit  basin  is  now  worked  by  slopes.  Slope  No.  2,  in  "  Spar 
Basin,"  on  the  Summit,  dips  south  at  an  angle  of  16",  and  is  1290  feet  long. 
Slope  No.  4,  east  of  Summit  Hill,  dips  north  at  au  angle  of  Ciit°,  and  ja 
406  feet  long.  These  are  the  only  mines  now  worked  in  the  Summit  baain. 
Slope  No.  1  is  abandoned,  the  coal  being  on  fire. 

Slope  No,  3  is  in  the  Panther  Creek  Valley,  and  starts  within  tunnel 
No.  6,  on  the  Big  vein,  It  is  on  the  south  dip,  at  an  angle  of  44°,  and 
is  306  feet  long. 

Slope  No.  5  is  in  tnnnel  No,  8,  Its  length  ia  300  feet  on  the  south  dip, 
Bt  an  angle  of  4i°,  In  addition  to  those  four  slopes,  there  arc  two  tunnels 
in  operation,  and  a  fifth  slope,  in  the  vicinity  of  Tamatjua,  luJependcnt  of 
the  Nesqnehoning  mines,  and  the  "old  tunnel"  mines  near  Mauch  Chunk. 

The  following  notes  will  convey  some  idea  of  the  irregularity  of  the 
veins.  They  are  taken  from  parallel  tunnels  less  than  a  mite  apart.  Some 
ten  or  twelve  extensive  tunnels  have  been  driven  by  the  Lehigh  Company 
to  develop  their  property.  The  veins  traverse  the  valley  parallel  to  its 
CDtuse  irom  east  to  west,  outeropping  high  up  the  mountain-sides,  and 
■covered  by  a  considerable  thickness  of  overlying  strata  in  their  dips  to  the 
centre  of  the  basin  or  valley;  while  the  conformation  or  slopes  of  the 
mountain-sides  are  mnch  loss  tlian  the  angle  of  the  coal :  coneeq^ucntly,  the 
ooal  can  only  be  reached,  practically,  by  long  tunnels. 

Horizontal  Sectit 


I  of  Tunnel  No.  7,  running  north,  i 
Oreek  VaUey. 


I  north  Bide  of  Panther 


Measures,  slate,  rock,  &o 60 

Coal,  Mammoth,  oa  anticlinal  asia, 

dip  50"  Bouth,  73°  north 64 

HeaBores 129 

Coal,  Primroee?  dip  69"  N. 16 

Heasnies 81 

&n],iiorth  dip76°,  Holmes? 3 

Measures,  perpendicular  in  centre  220 

CmI,  south  dip  42° i  Holmes?....  5 

Mwures 109 

Goil,  PrimToee?  eonth  dip44°....  23 

lUuQreB V---  ^"^"^ 


Coal,  south  dipSS" 1 

Measures 175 

Coal,  south  dip  46° 24 

Measures 63 

Coal,  south  dip  39° 9 

Measures 274 

Coal,  south  dip 1 

Measures 54 

Mammoth?*  south  dip  45° 50 

•  Air-hole  to  surface  from  this  Tcin  436 
feet  lo&g,  boiog  tbout  the  leiigLh  of  breast. 


Soriiontal  Section  of  Tunnel  No.  fl,  nmmnff  north,  and  o 
Creek  YaJky. 


.  north  side  of  Panther 


Heasures,  slate,  rock,  &c 180 

Coal,  south  dip  33' 5 

Maunres,  Bouth  ^p 117 

Ami,  sooth  dip  32° 10 


Measures,  sooth  dip Ill 

Coal,  south  dip  39° 9 

Meaaores,  south  dip 24@ 

Goal,  south  dip  4&° 27 
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Horizontal  Section  of  Tunnel  No.  6. — (^OontinuecL) 


Ft. 

Measures,  south  dip  45^ 9 

Coal,  south  dip  45^ 2 

Measures 289 

Goal,  south  dip 1 

Measures 88} 

Coal 1 

Measures 8 


ft 


Coal,  south  dip  45®. 
Maxniuothf 


} 


None  of  the  Lehigh  tuanels  appear  to  hava 
been  driTen  beyond  the  "Big  Tein;*'  there- 
fore the  measuree  below  it  are  not  derelepadi 
and  the  Buck  Mountain,  or  B»  is  in  doobt 


Sorizontal  Section  of  Tunnel  No.  6,  runr 

ning  south,  and  on  south  side  o/ Panther 

Orerk  Valley. 

Ft 

Measures,  slate,  rock,  &c 393 

Coal,  north  dip  71"* 6} 

Measures,  north  dip 126 

Coal,  red.ash,  north  dip  71^  (G?).  12 

Measures 224 

Coal,  north  dip  71'* 1 

Measures 85 

Mammoth,  north  dip  71''  (E ?)....  50 


NoTi. — Tunnel  No.  6  presents  the  proper 
order  of  stratification,  as  found  in  all  regular 
portions  of  the  coal-fields,  £  being  the  Mam- 
moth, and  Q  the  Primrose.  But  the  adjoin- 
ing tunnel,  No.  2,  presents  no  identical 
feature. 


Horizontal  Section  of  TimnelNo.  2, 

ntfi^  south,  and  on  somih  nde  of  Fm' 

ther  Creek  VaUey, 

Ft 

Measures,  slate,  rock,  &c 495 

Coal,  south  dip  45^ 3} 

Measures 87 

Coal,  south  dip  36<* % 

Measures 27 

Coal,  perpendicular 3 

Measures 186 

Coal,  perpendicular 1} 

Measures 74 

Coal,  perpendicular 5 

Measures 91) 

Coal,  south  dip  65® 6 

Measures 1S( 

Coal,  south  dip  70® 

Measures 188 

Coal,  Mammoth,  north  dip  40®....    tt 


These  four  tunnels  are  in  the  vicinity  of  Sammit  Hill,  and  are  neuif 
opposite  each  other.  That  is,  Nos.  5  and  2  are  on  the  south  side  oC 
Panther  Creek,  running  south  to  cut  the  main  north  dips  of  the  ooal; 
and  Nos.  6  and  7  are  on  the  north  side  of  Panther  Creek  Vall^,  numnig 
north  to  cut  the  main  south  dips  of  the  coq1.«  It  will  be  noticed,  by  UJ 
one  conversant  with  such  matters,  that  no  uniformity  exists:  in  fiict,  tbevi 
is  a  confusion  which  prevents  the  formation  of  any  systematized  sectiooi 
that  would  identify  the  seams. 

Figure  67  represents  the  general  type  of  the  coal  fi)rmation  in  thft 
vicinity  of  the  old  Lehigh  mines.  There  are  some  points  where  the  wofj^ 
of  the  strata  is  more  abrupt  and  on  greater  elevations  than  our  seotioi 
displays;  but  generally  it  conveys  a  just  impression  of  the  formatioiis. 
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TAMAQDA  DISTRICT. 


The  narrow,  contracted,  and  vertical  character  of  the  eaatem  formationa 
of  the  basin  is  frilly  illustfated  at  Tamaqua,  where  the  folded  and  tilted 
oonditiou  of  the  measures  exhibits  all  the  phenomena  of  tfrjiresitidn  and 
colli raciion.  But  here  the  coal  is  less  injured  in  quality  and  quantity  than 
at  Nestjuehoning,  and,  though  more  abrupt  and  at  higher  angles  than  at 
tlie  Summit,  the  veins  are,  neverthelese,  equal  in  character  and  production, 
if  not  ii 


i 


The  sizes  of  the  beds,  as  illustrated  in  figure  69,  are  out  of  proportion; 
that  in,  they  are  too  large  in  comparison  with  the  same  veins  in  other 
Bectians;  but  if  drawn  to  a  proper  or  corresponding  scale  with  the  extent 
of  the  basins,  they  would  not  be  discernible.  We  do  not  pretend  to  project 
them  on  a  corresponding  scale,  but  simply  give  them  to  illustrate  the 
formation,  number  of  basins,  saddles,  (axis)  dips,  and  the  general  con- 
formation of  the  measures.  In  figure  69  we  have  the  Sharp  Mountain  on 
the  right  hand  and  the  Locust  Mountain  on  the  left  of  the  view.  The 
position  of  Tamaqua  is  near  the  centre,  but  more  to  the  right  than  the  left. 

There  are  two  main  axes  within  the  basin,  and  two  subordinate  rolls  or 
folds;  one  of  these  is  shown  at  the  foot  of  the  Sharp  Mountain,  to  the  east; 
the  other  is  not  represented,  but  lies  within  the  west  basin. 

The  eastern  side  of  the  basin  haa  I>een  more  thoroughly  developed  than 
the  west  by  shafting,  and  the  folding  of  the  strata,  as  illustrated,  is  demon- 
ftrnted  by  tunnels.  The  two  centre  basins  have  not  been  penetrated,  nor 
do  we  know  that  the  third  b;isin,  or  the  western  synclinal,  haa  been  reached ; 
but  the  coals  on  each  side  of  the  main  basin  have  been  pretty  thoroughly 
developed  by  both  drift  and  slope. 

Figure  70  represents  one  of  those  sudden  rolls,  or  folding  of  tlie  strata, 
■o  frequently  met  with  in  the  Southern  coal-field.  The  one  before  us  does 
not  appear  to  have  materially  affected  the  accompanying  seams;  but  it  is 
evident  that  this  simple  fold  of  a  single  vein  increases  the  apparent  number 
of  veins  in  the  basin  by  two, — or  produces  two  more  in  tlie  original 
Tamaqoa  section  than  nnlly  exist.    The  seams  appear  in  the  &oe  of  the 
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hill  aa  three  distinct  beds,  but  development  has  proved  tbem  to  be 
Bynonymous.  The  sketch  illustrates  the  character  of  this  fold  simply,  and 
is  not  dcsigaed  as  an  ezpoaitioQ  of  the  accompanying  strata.  The  en- 
graving would  Beem  to  represent  the  enveloping  strata  as  slate,  but  suck 
is  not«the  iuteDtion,  since  rock,  or  sandstones  an(f  slates,  alternate  invariably 
in  the  vicinity  of  the  Mammoth,  and  this  is  supposed  to  be  that  vein. 

We  would  call  attention  to  the  angle  of  the  north  dip  on  the  &ce  of 
the  Sharp  Mountain  at  this  point.  It  will  be  noticed  that,  though  high, 
it  is  not  beyond  a  moderate  working  auglc,  or  from  60°  to  70°,    And  hm 


the  coal  is  good,  and  the  veins  generally  workable;  but  &rther  west  tbt 
angles  of  the  north  dips  increase,  until  in  the  vicini^  of  Pottsville  i*J 
are  inverted,  and  the  marketable  value  of  the  coal  destroyed.  This  Beau 
to  be  a  general  rule:  the  coal  is  seldom  good  on  the  vertacsl  angles, ind 
never,  or  very  rarely,  when  inverted. 

We  may  here  notice,  also,  the  increasing  number  of  the  a&ticlinala  witHo 
the  main  basin. 

At  Ncsquchouing  we  find  but  one  principal  anticlinal;  at-the  Bammit 
we  find  two  witliin  the  main  basin  in  Panther  Creek  Valley, — ^indepoidfl^ 
however,  of  the  undulation  in  the  Summit  basin;  but,  as  this  is  a  local 
formation  of  small  extent,  it  does  not  properly  affect  the  prominent  anth- 
clinals.  We  have,  however,  represented  but  one  in  our  section  acroBS  dM 
basin  at  the  Summit.  The  second  anticlinal  does  not  appear  prominentlf 
until  we  reach  a  point  ferther  west,  and  between  Tamaqua  and  the  Summit 

At  Tamaqua  we  find  two  principal  anticUnals  and  two  subordinate  ona; 
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in  the  viouii^  of  Pottsville  we  have  five  piin- 
inticlinalii  and  Beveral  anbordinate  roUa  <» 
a."  There  is  always  odq  baain  or  synclinal  in 
•rt  of  the  main  basin  more  than  the  number 

antidinali,  aa  may  be  noticed  in  any  of  the 
&  given,  since  the  marginal  mountains  always 
me  basin,  independent  of  the  antidinali  which 
ivide  than. 
Hist  not  be  inierred  from  the  &ct  of  the  auti- 

and  syncUnola — or,  in  mining-phraee,  saddles 
sins — increasing  in  number  as  we  proceed  west, 
lose  antiolinals,  &c.  are  continuous.  We  do  not 
my  of  those  axes  proceed  half-way  in  the  length 

main  basiQ.  As  we  before  observed,  all  the 
nals  of  the  anthracite  r^^ns  advance  in  6ch61on 

right  flank,  from  south  to  north.  Th^  start 
be  Sharp  Mountain,  in  the  Southern  ooal-field, 
lly,  and  traverse  the  basin  diagonally  towards 
them  margin.  But  few  of  those  anticlinals, 
er,  preserve  their  axis  from  mai^n  to  mar^n. 
lie  out,  or  sink  down,  and  another  starts  from 
ide  to  continue  a  parallel  course.  It  is  impoa- 
o  locate  the  course  of  the  axis  of  formation 
hout  the  coal-lields  with  any  practical  exactness 
ieut.  It  can  only  be  done  by  a  great  number 
ss-sections,  taken  at  short  distances,  from  end 

of  the  coal-field;  and  theee  cannot  be  obtained 
it  more  time  and  labor  than  can  now  be  profit- 
)ent  for  the  purpose 

9  always  important  that  the  nunmg  engueer 
establish  the  exact  location  of  each  axis  of 
ion  within  the  boundaries  of  every  mmmg 
ahment  or  estate.  Should  we  attempt  to  lay 
the  general  course  of  the  anticlinals  ui  this 
OS  Prof  Rogers  attempted  to  do,  it  would  only 
rOTimate,  and  would  not  be  definite  enough  for 
nctical  purpose  We  will,  however,  endeavor 
e  such  mformation  as  will  materially  assist  the 
al  miner,  and  the  engineer  too  who  may  not 
lerally  familiar  with  the  region,  m  unravelling 
of  the  heretofore  rajatenoua  formations  of  the 
cite  fields     Our  object  is  to  clear  away  many 

doubts  in  r^ard  to  irrt^lar  formations,  and 
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to  present  it  clear  ezpoaition,  bj  illuBtratioD  and  text,  of  ^e  intri 
eingular  contortions  of  the  anthracite  strata. 

At  Tamaqna  we  find  more  veins  than  properly  belong  to  the  n 
series  below  the  Mammoth ;  hut  we  have  before  explained  and  rej 
in  figure  70  the  reaaoa  of  this  increase, — arising  out  of  thar  repe 
sudden  foldings. 

'We  find,  however,  a  coneistenc^  and  order  in  the  veins  at  "] 
which  cannot  be  evoked  out  of  the  formations  of  the  Lehigh.  I 
veins  &11  into  their  places  in  order  and  uniformity  with  the  other 
of  the  anthraoite  regions,  where  the  conditions  are  normal  or  aooo 
law.  It  is  singular  that  the  veins  in  the  Lehigh  district  are  so 
variance  with  all  other  portions  of  the  anthracite  formations.  Bi 
said  in  another  place,  it  is  possible  the  mlnera  are  more  in  error 
coal-beds. 

Figure  71  is  a  vertical  section  of  the  Tamaqna  ooal  measures,  i 
be  taken  aa  a  general  type  of  the  district.  We  think,  howew, 
have  been  led  into  error  by  the  repetitions  of  the  beds  here,  at 
therefore,  mieapplied  the  names  or  letters.  We  find,  since  our  eo; 
were  executed,  it  is  more  than  probable  that  C  is  really  B,  and 
as  applied,  sboold  be  represented  by  it.  This  may  be  oonsiderec 
proper  condition.     Such  an  alteration  would  plaoe  D  up  to  the  3-] 


PI0.T8. 

a. 

10. 
2. 

"i '  ^'; 

1 

— '  1 

under  the  Mammoth,  which  we  have  included  with  the  Mammot 
in  order  to  compensate  for  the  error  of  placing  B  in  the  position  ) 
belonging  to  A,  thus  making  two  errors  to  rectify  one.    With 
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planation  we  hope  figure  71  will  be  understood.  We  may  have  made 
other  errors,  but  if  discovered  in  time  we  will  try  to  rectify  them^  as  in  the 
present  case. 

The  Mammoth  •  at  Tamaqua  is  hot  as  large  as  it  is  generally  found,  but 
ire  have  not  given  its  maximum  dimensions.  It  is  found  in  the  vicinity 
over  50  feet  thick;  but  we  think  the  size  given  in  figure  71 — that  is,  20 
feet — about  its  best  workable  size  in  this  district.  Our  data  are  chiefly 
derived  from  the  officers  of  the  Little  Schuylkill  Coal  Company,  and  from 
Mr.  (jeorge  Brown,  whose  long  and  practical  experience  makes  him  good 
tathority  on  such  matters. 

The  Holmes  (F)  and  the  Primrose  (G)  are  in  their  proper  sizes  and 
phoes;  while  the  red-ash  veins,  H,  I,  and  J,  are  also  in  their  uniform 
places  and  sizes. 

The  Skidmore  (D)  does  not,  however,  appear  in  its  proper  place  or  con- 
dition; but  it  is  a  variable  vein,  and  we  do  not  think  it  an  important 
discrepancy,  since  it  frequently  depreciates  in  size. 

The  two  following  sections  are  on  the  Greenwood  Coal  Company's  pro- 
perty, east  of  Tamaqua.  The  data  were  obtained  from  Mr.  Bobert  Carter, 
Geaeral  Superintendent. 


Section  of  Mammoth  at  Greenwood, 

Feet. 

Top  slate 1.6i 

Cod 6.0 

Bone  and  slate 3 

Coil 5.0 

Bone  and  slate 3 

Coal 7.0 

Bone  and  slate 4 


Coal.. 
Slate 
Coal. 
Slate 
Coal.. 
Shte. 


6.0 

3 

6.0 

4 

7.0 

2 

Bony  coal,  refused 5.0 

Coal,  good 7.0 


Section  of  Measuret  eU  Oreenwood. 

Feet 

Coal,  H,  red  ash 5 

Measures 100 

Coal,  6,  Primrose 14 

Measures 100 

Coal,  F,  Holmes ^ 2 

Measures 170 

Coal,  E,  Mammoth 50 

Measures 66 

Coal,  D,  Skidmore 8 

Measures 150 

Coal,C? 9 

Measures 180 

Coal,  B,  Buck  Mountain 10 

Measures 180 

Coal,  A,  from  6  to 8 

Conglomerate 


'? 


It  will  be  observed  that  the  above  vertical  section  through  the  measures 
«t  Greenwood,  between  the  Lehigh  and  Tamaqua,  is  perfect.  The  veins 
tte  in  full  size  and  in  their  proper  places.  We  cannot  conceive  how  the 
variation  can  be  so  great,  only  a  few  miles  farther  to  the  east,  at  the 
Sommit  mines. 
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CHAPTER  XII. 

P0TT8VILLB    DI8TBICT, 

Pottsrille  DistrioU- Section  across  the  District  fWim  the  Sharp  Moantaiii  to  the  Broid 
Mountain — Basins — Subordinate  Basins — First,  or  Pottsrille,  Basin— Gate  Bidge  Anti- 
olinal— Second  Basin— Third  Basin— Fourth  Basin— Fifth  Basin— Sixth,  or  Mine  HOI, 
Basin — Vertical  Section  at  Pottsrille— Coal-Beds — A,  or  Alpha — B,  or  the  Back  Mmm- 
tain — C,  or  Gamma — D,  or  the  Skidmorc — E,  or  the  Mammoth  and  SoTen-Feet — ^F,  or 
the  Holmes — G,  or  the  Primrose — H,  or  the  Orchard — I,  or  the  Little  Orchard— J,  or 
the  Daddow— K,  or  the  Big  Tracy— L,  or  the  Little  Tracy— M,  or  the  Gate— N,  or  the 
Sandrock — Total  Thickness  of  Coal,  and  of  the  Coal  Measures — Swatara  District— 
Lykens  Valley  Fork — Outcrops — Bear  Valley  Formation — The  Dauphin  Fork— Seotioe— 
Red-  and  White- Ash  Coals. 

This  portion  of  the  Southern  coal-field  is  prominent  as  its  central  and 
most  developed  district;  and  here  we  find  all  the  veins  known  to  tlie 
anthracite  fi^rmations  of  Pennsylvania  in  order  and  uniformity  consisteat 
with  other  regions.  Here  wc  find^  also^  the  deepest  basins,  and  all  the 
peculiarities  developed  in  other  districts.  It  will  be  interesting,  therdoR^ 
and  perhaps  useful,  to  illustrate  in  detail  the  varied  formations  and  beds 
of  coal,  and  compare  the  facts  presented  and  illustrated  in  leferenoe  to 
other  fields  and  districts  with  those  we  have  now  before  us.  We  shall  find 
more  uniformity  and  consistency  than  might  be  expected  from  the  manr 
peculiarities  and  irregularities  which  we  find  around  us.  But  even  those 
irregularities  or  contortions,  if  we  may  c»all  them  so,  will  be  found  a  uni- 
formity, subject  to  the  same  causes  aiid  governed  by  the  same  laws.  We 
shall  also  find  an  almost  invariable  order  of  disposition  in  the  strata  and 
general  characteristic  features  governing  the  coal-beds. 

It  is  stated  by  the  former  State  geologist,  who  spent  much  time  and 
patient  study  in  the  investigation  of  our  anthracite  fields,  that  the  identitjT 
of  the  veins  was  an  impossibility,  and  that  but  little  similarity  existed 
between  the  formations  or  measures  of  the  respective  fields.  But  we  find 
this  to  be  a  mistake,  arising  from  misconception  and  the  want  of  that 
practical  experience  and  judgment  necessary  to  distinguish  between  theoiy 
and  fact,  and  to  reconcile  and  arrange  facts  and  data  drawn  firom  a  thoasand 
sources.  Had  we  adopted  the  views  and  opinions  of  all  those  from  whoa 
our  information  ^vas  obtained,  we  should  have  made  the  '^confusion  wone 
confounded." 

We  have  occasionally  found  much  difficulty  in  reconciling  the  ft* 
derived  from  different  sources;  but  patient  investigation  generally  bronght 
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:  oat  of  seeming  eoBtndiotioa  and 
that  the  "Lehigh  riddle" 
it  be  easily  solved  by  oarefhl 
itigation, — which,  faowerw, 
re  Sony  to  say,  time  vill  not 
iH. 

gate  74  illnstmtes  the  fonu- 
i    and    undulationB  of    the 

measares  from  the  Sharp 
nfain,  in  the  vicinity  of 
iville  and  Fort  Carbon,  to 
foot  of  Broad  Mountain,  at 
jlier'a  Mammoth  oollieiy, 
r  Creek,  by  the  line  of  Mill 
k  and  St  Clair.    But  we 

also  apply  the  section  to  the 
^  Korw^ian  Creek  by  Oak 
,  Moont  Laffbe,  and  Cool- 

le  section  is  dnwn  looking 
the  right-hand  margin 
f  the  Sharp  Monntain  and 
1^  the  Broad  Mountain. 
e  are  six  large  or  prominent 
19  within  the  field  and  repr&- 
d  in  this  illustration;  but 
1  are  perhaps  as  many  rolla 
bordinatc  undulations  n-i  thin 
uain  ones  which  are  not  re- 
nted in  the  figure.  First, 
:  appears  to  be  a  slight  roll 
tie  Gate  Ridge  anticlinal,  A, 
irst  anticlinal  north  of  the 
p  Mountain ;  tlie  second  de- 
>ed  wave,  or  subordinate 
I,  is  shown  within  the  tlilrd 

basin  and  north  of  the  Mill 
k  anticlinal,  g;  the  fourth 
f  undulations  are  found  in 
iumace  or  shaft  bosiu,  and 
loped  in  Milnc'a  Hickory 
try.     Here    several    minor 

have  been  developed,  and 
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these  undulations  are  also  manifest  in  the  same  basin  at  Oak  HUl,  in 
Brown's  old  Primrose  water-levels,  and  in  the  workings  of  the  Primrose 
and  Orchard  veins  on  the  west  branch  of  the  Schuylkill,  near  Mine  Hill 
Crap. 

John's  basin,  at  the  south  foot  of  the  Mine  Hill,  is  small  and  limited  in 
length  and  breadth,  and  can  scarcely  be  placed  among  the  prominent  basins; 
but  we  find  its  counterpart  at  Mount  Laffce,  and  have,  therefore,  laid  it 
down  as  the  fifth  basin,  instead  of  assigning  it  as  a  temporary  roll  or  undu- 
lation. 

The  last  subordinate  basin  we  shall  mention  in  this  oonnection  lies 
within  the  sixth  or  Mine  Hill  basin,  and  is  known  as  the  Jugular  roll  or 
"overthrow." 

We  have  mentioned,  thus,  a  few  of  those  small  and  subordinate  undular 
tions  before  describing  the  principal  basins,  in  order  to  prevent  confusion 
in  the  statement,  and  enable  our  practical  readers  to  follow  us  without 
noticing  the  future  omission  of  those  inferior  basins. 

THE  FIRST,  OR  POTTSVILLE,  BASIN. 

1.  The  first  and  most  extensive  basin  lies  between  the  Sharp  Mountain, 
ly  and  the  Gate  Ridge  anticlinal,  A,  and  underlies  Pottsville  and  Port  Oii^ 
bon  in  this  vicinity.  It  is  nearly  a  mile  wide  from  outcrop  to  outcitqp, 
and  is  the  largest  basin  in  the  anthracite  fields,  extending  from  a  point 
east  of  Middleport  to  the  end  of  the  Dauphin  Fork,  a  distance  of  not  kflB 
than  50  miles.  Along  the  entire  distance  it  preserves  its  peculiar  character. 
The  north-dipping  strata  are  always  perpendicular  or  inverted  at  thdr 
outcrops,  and  descend,  in  all  probability,  nearly  3000  feet  before  a  change 
from  the  perpendicular  is  made.  This  feature  of  the  South,  or  Shaip 
Mountain  is  manifest  in  every  watcr-g:ip  along  its  line,  but  more  pecu- 
liarly so  west  of  Middleport.  At  this  point  the  field  is  suddenly 
increased  in  breadth  to  double  its  dimensions  fiuther  east,  by  an  abrupt 
shifting  of  the  Sharp  Mountain  range  to  the  south.  In  the  oblique  conier 
formed  by  this  o£&et  of  the  conglomerate,  several  axes  originate;  and  in 
the  vicinity  all  the  anticlinals  of  the  western  portion  of  the  field  start  ont^ 
but  none  of  them  are  so  persistent  as  the  Gate  Ridge  anticlinal  and  the 
Southern  basin,  whose  extensive  range  we  have  just  mentioned. 

Figure  74  correctly  illustrates  the  dip  of  the  strata  near  Pottsville; 
while  figure  94  represents  the  basin  at  Black  Spring  Gap  in  the  Dauphin 
Fork.  Between  these  points  the  strata  change  but  little  firom  the  vertioal} 
and  the  veins  generally  are  so  crushed  and  distorted  that  little  workable 
coal  exists  in  these  north  dips  of  the  South  basin.  It  is  plainly  evident 
that  the  contracting  forces  were  mainly  exerted  on  the  deeper  basing— 
originally  deeper,  no  doubt,  but  particularly  so  on  the  southern  deeply- 
depressed  strata;  that  is,  the  contracting  forces  were  exerted  on  the  deep 
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and,  caimeqjaeaiAjy  weaker  axes,  in  fiivor  of  the  higher  and  less  oormgated' 
flIiBtey  as  we  explained  in  the  early  pages  of  tius*  work.    The  efieots  of 
this  oontraoting  finoe  not  only  tend  to  depress  further  the  already-depressed 
baains^  bat  also  to  elerate  the  anticlinals  or  ridgee.  * 

If  we  take  a  book  and  lay  it  open  about  the  middle  befixre  us,  it  will 
raj  nearly  represent  the  strata  of  a  gently  inclining  basin,  the  leavesi 
being  the  strata.    If  we  depress  the  middle,  we  have  a  representation  of 
the  aoti<»i  of  the  erost-contractions :  the  leaves  are  elevated  and  come' 
together  as  the  middle  is  depreaaed.  And  if  we  apply  force  to  the  cover,  ibr. 
die  purpose  of  closing  the  book,  we  see  the  effects  of  the  forces  which  have 
contracted  not  only  our  coal-basins,  but  a  wide  extent  of  the  strata  east  of' 
the  AUeghanies.    The  axes  are  the  weakest  points,  and  the  strata  naturally 
ftld  fipom  these  points,  whether  anticlinal  or  synclinal,  as  a  book  folds  or* 
hinges  on  its  back. 

In  the  section  presented,  we  have  drawn  a  line  from  m  to  n,  repre8enl>- 
ing  the  proper  or  real  thickness  of  the  coal  measures,  or  their  dqith  as  strati- 
fied in  its  original  position.  It  is  plain  that  the  nptilting  of  the  strata  or. 
d^icssion  ci  the  synclinals  naturally  increases  the  deptl\  of  the  bamns, 
sinoe  the  strata  are  either  brought  to^Bther  like  the  leaves  of  a  book  when- 
dosed,  and  thus  presenting  the  breadth  of  the  book,  instead  of  ha^  its 
tUokness,  as  the  depth  of  the  axis,  or  the  strata  are  less  acutely  folded,  and-^ 
Ae  dephemxm  filled  with  subsequent  sediment  to  the  water-level. 

According  to  our  measurement,  the  actual  thickness  of  the  anthracite 
ooal  measures  is  between  2000  and  2500  feet,  while  the  actual  depth  of  the 
Southern  basin  is  over  3000  feet  This  will  be  manifest  by  the  sections 
presented.  Vertical  section  figure  75  gives  the  minimum  thickness  of  the. 
measures  at  right  angles:  in  some  localities  they  are  perhaps  one-fourth 
greater  in  thickness. 

The  Gate  Ridoe  Anticlinal,  succeeds  the  first,  or  Southern,  basin. 
Hie  strata  here  present  the  same  appearance  on  their  north  dip  as  in  the 
Siarp  Mountain.  A  singular  phenomenon  is  here  presented  of  south-dipping 
angles  on  both  sides  of  an  anticlinal  and  also  on  both  sides  of  a  synclinal , 
axis.  All  the  strata  appear  to  dip  und^  the  Sharp  Mountain,  and  the 
veins  outcropping  in  the  Gate  ridge  axis  all  dip  southy  apparently  as  distinct 
and  independent  beds,  though  half  of  them  are  really  north-dipping  veins 
of  the  second  basin,  and  only  half  south-dipping  veins  of  the  first  basin. 
It  will  be  noticed  in  figure  74  that  the  Gate  vein  M  is  also  the  Salem  vein 
M, — the  Gate  being  the  north  dip  of  the  second  basin,  and  the  Salem  the 
sonth  dip  of  the  first  basin. 

This  singular  formation  was  for  a  long  time  a  mystery  to  our  most 
practical  miners ;  and  even  now  it  is  rare  to  find  any  but  professional  men 
who  fully  comprehend  this  feature  of  the  anthracite  r^ons ;  for  not  only 
in  this  portion  of  the  field,  but  in  all  the  basins  within  it,  many  of  the. 
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north-dipping  veins  have  the  appeanmce  of  sonth  dips  on  their  ontcrops. 
The  same  feature  is  manifest  in  the  Mahanoy  portion  of  the  Middle  ooal- 
field,  and  it  occurs  sometimes^  though  rarely^  in  both  the  Shamokin  and 
the  Wyoming  regions.     We  seldom  find  inverted  strata  in  the  south  dips. 

The  Daddow  Tunnel,  which  was  driven  south  into  the  Sharp  Mountain, 
a  short  distance  above  ^ort  Carbon,  about  the  year  1834,  was  the  first  efibrt 
to  develop  the  veins  in  that  side  of  the  basin.  We  believe  14  beds,  small 
and  large,  were  cut;  and  though  they  all  still  dipped  to  the  south,  it  was 
then  first  suggested  that  they  eventually  might  change  to  north-dipping 
veins.  The  author  preserved  for  a  long  period  a  section  of  this  tunnel; 
but  unfortunately  it  is  now  missing. 

Geologists  may  think  it  strange  that  any  difficulty  should  exist  in 
explaining  those  irr^ular  formations ;  but  the  geologists  of  that  day  were 
even  more  at  fault  than  the  miners,  and  up  to  a  late  date  the  errors  then 
published  still  misled  the  scientific  world ;  while  palpable  errors  of  a  later 
date  attest  the  fiict  that  scientific  men  are  not  more  exempt  fix>m  this 
&]lficy  tlian  the  experimentally  practical. 

We  think  it  may  be  justly  stated  that  one  of  our  old  English  mmen 
was  the  first  to  suggest  a  theory  to  account  for  the  repetition  of  the  veins* 

The  fii'st  sketch  ever  made  of  the  undulations  of  the  anthracite  measom 
was  drawn  by  Mr.  John  Beadle,  then  managing  the  old  Grate  vein  oollieij 
for  Messrs.  Mann  &  Williams,  on  the  walls  of  the  mine-office;  and  this 
sketch  remained  on  the  walls  of  that  office  for  year?,  and  was  often  dis- 
cussed and  observed  by  many  who  since  claim  for  themselves  the  credit  of 
originators.  We  know  this  to  be  correct ;  and  though  the  rough  chalk- 
sketch  alluded  to  did  not  attempt  a  correct  delineation,  it  still  presented 
the  suggestion,  which  has  since  been  developed  in  fiict,  and  which  we  nov 
present  in  figure  74  as  the  result  of  thirty  years'  inquiry  and  proof. 

• 

SECOND  BASIN. 

2.  Basin  No.  2,  or  the  basin  lying  between  the  Gate  anticlinal  and  tht 
Mill  Creek  or  Centreville  anticlinal,  has  been  but  little  developed,  ainos 
none  but  the  upper  veins  come  to  the  surfiice.  Here,  at  an  early  day,  how- 
ever. Col.  Greorge  Shoemaker  obtained  from  the  Centreville  mines  the  fint 
anthmcite  coal  successfully  burned  in  Philadelphia.  This  must  have  bees 
from  the  Lewis,  Spohn,  Grate,  or  Salem  vein ;  for  they  are  synonymous  namei 
for  tlic  same  coal-bed. 

At  Mill  Creek  (^),  M,  on  the  Lewis  as  it  is  here  called,  has  been  mined 
fi)r  a  considerable  period,  and  the  underlying  veins  K  and  L,  or  the  B% 
and  Little  Tracy,  have  also  been  tunnelled  to  and  worked ;  but  all  these 
beds  are  smaller  here  than  they  generally  are.  The  Gate  vein,  or  M,  does 
not  seem  to  enter  the  third  basin  on  Mill  Creek,  but  outcrope  in  the  third 
on  the  Norwegian  or  the  old  Dela^^-are  Coal  Company's  tract 
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THIBD  BASIN. 

3.  The  Thibb  BAsm  appean  to  be  genei^ly  a  doobk  <mey  bat  the  devo- 
tion of  itB  oentral  axis  does  not  bring  the  yeins  to  the  eor&oe.  But  littk 
mining  has  been  done  in  this  basin  on  Mill  Creek,  though  the  upper  red- 
ash  veins  E,  L,  and  M  were  extensively  worked  by  the  old  Delaware  Coal 
Company,  at  the  East  and  West  Delaware  mines  on  the  waters  of  Norwq;ian 
Creek. 

The  depth  of  those  basins  is  approximately  shown  by  the  figores  on 
the  transverse  section,  and  the  general  dip  of  the  measures  is  also  approxi- 
mately shown :  we  will,  therefore,  simply  refer  to  the  illustration,  without 
detailing  further  the  oft-repeated  vertical  north  dips* 

4.  The  Foubth,  or  shaft  basin  of  St  Clair,  lies  between  the  fhmaee  or 
Delaware  anticlinal  and  the  Mine  Hill,  separated,  however,  horn  the  latter 
by  several  minor  antiolinals  and  small  basins.  This  basin  is,  perhapSi 
deeper  than  the  third,  or  the  next  one  south,  and  is  supposed  to  be  fixmi 
1000  to  1600  feet  deep,  from  a  sudden  increase  in  the  angle  or  dip  of  the 
strata,  south  of  the  shaft.  The  fourth  basin  is  generally  wide,  undulating, 
and  gesaile  in  its  south  dips,  particularly  in  the  viouiity  of  St.  Clair  and 
the  East  and  West  Delaware  mines.  But  its  north  dip  is  steep  andabrupt, 
in  nnifi>rmity  with  all  or  most  of  the  n(»rth  dips  in  this  district  All  the 
veins^  with  the  exception  of  one  or  two  of  the  lowest,  outorop  to  the  north 
ef  this  basin  on  Mill  Creek;  but  at  Mount  Laffee,the  Primrose  or  Holmes 
(6  A  F)  are  the  lowest  outcropping  veins.  The  Mammoth  rolls  over  into 
the  fifth  and  last  basin,  south  of  the  Mine  Hill. 

5.  The  Fifth  basin  is  an  irr^ular  one,  of  small  dimensions.  At 
St  Clair  it  is  known  as  John's  basin.  Its  western  terminus  is  between 
St  Clair  and  Wadesville;  but  a  corresponding  one  starts  out  from  the  north  . 
side  of  its  western  point  and  continues  beyond  Minersville.  The  St  Clair 
portion  of  this  range  of  small  basins  continues  but  a  short  distance  to  the  ^ 
east,  and  a  mile  and  a  half  will  perhaps  cover  the  entire  range  of  the 
Mammoth  in  this  small  basin, — that  is,  the  one  east  of  Mill  Creek,  and 
known  as  John's  basin.  The  '' Seven-feet,"  a  leader  of  the  Mammoth,  is 
the  highest  vein  in  this  basin.  But  at  Mount  LafiPee  the  fifth  basin  con- 
tains both  the  Holmes  and  the  Primrose  in  addition. 

6.  The  Mine  Hill  basin  is  the  sixth  and  last  of  the  basins  within  the 
Southern  coal-field,  or  in  the  Schuylkill  district  of  the  same. 

This  basin  commences  substantially  on  Mill  Creek,  above  St  Clair,  as 
its  western  extremity;  but  the  underljdng  veins,  which  are  small  and  in 
bad  condition,  run  some  miles  fiurther  east  The  Mammoth,  however,  is 
not  found  east  of  Mill  Creek. 

At  Coalcastle  this  basin  is  nearly,  if  not  falljf  half  a  mile  wide,  and 
perhaps  a  thousand  feet  deep.    It  is  not,  however,  a  single  basin,  but 
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ooDtainB  a  subordinate  one,  known  aa  the  Jugular  "oTcrthrow."  Thu  ii 
a  sharp,  inverted  basin  in  the  vicinity  of  Coalcastle,  lying  on  the  north  of 
the  main  baoin,  and  along  the  foot  of  the  Broad  Moontain. 

The  Coalcastle  baein  and  ita  accompanying  Jugular  formation  are  illu> 
trated  in  figure  76. 

Fio.  7fi. 


It  vrill  be  noticed  in  this  section  that  the  Mammoth  vein  banns  twice; 
once  in  a  regular  manner  in  the  main  south  basin,  and  again  in  an 
irregular,  inverted  manner  to  the  north, — forming,  to  all  appearance^ 
another  or  distinct  set  of  veins,  which  for  a  long  period,  and  even  to  tha 
present  time,  have  been  mistaken  for  a  second  series  of  large  white-ooh  beds. 

This  formation  gave  rise  to  the  mythical  Jugular  vein, — ^the  name  given 
to  the  Mammoth  at  Coalcastle,  in  the  north  or  vertical  basin.  The  fbim- 
tion  is  calculated  to  mislead,  since  the  dips  are  all  regularly  Boatb,  and  ths 
stratification  uniform.  But  little  evidence  is  manifest  of  an  antjclind 
between  the  two  basins.  The  upper  veins  outcrop,  and  the  axis  ia  afaoipf 
and  the  rocks  violently  broken,  so  that  but  little  evidence  eziats  hasoftbs 
overlap.  At  Wolf  Creek,  however,  the  evidence  is  clear  and  the  prooA 
indL^putablc ;  and  uo  mining  en^neer,  familiar  with  our  formations,  Tonld 
now  pretend  to  siijiport  the  "Jugular  theory." 

It  was  once  supposed,  from  the  developments  made  at  this  locality,-* 
Coalcastle, — that  a  second  great  seam,  superior  to  the  Mammoth,  tui 
known  as  the  Jugular,  existed  in  the  anthracite  fields.  Kven  Pro&Hor 
Kogera  admits  the  theory  in  bis  great  work  on  the  Geology  of  Penn- 
sylvania, without  questioning  its  correctness. 

The  Mine  Hill  basin  is  about  14  miles  in  length;  it  divides  at  iti 
western  end,  aud  terminates  in  two  prongs,  as  formerly  stated.  Tit 
red-aah  veins  do  not  appear  in  this  basin. 

TERTICAL  SECTION  AT  EOTTSVILLB. 

Figure  76  represents  the  coal  measures  in  the  deepest  part  ct  i* 
anthracite  fields.  The  section,  however,  only  includes  the  prodnctin 
strata,  and  terminates  with  the  upper  vein  N,  above  which  500  feet  at 
unproductive  measures  may  exist.  Measured  in  the  centre  of  the  deep 
basins,  the  distance  to  the  first  workable  veins  would  be  over  a  thoonnd 
&xt;  but  this  measurement  oould  not  be  vertically  across  the  strata,  orit 


mS  BOUTUBBK  OOAIi-mUX. 


li^  Angles  to  Hm  rtans.  We  tltink  onr 
meaearemeDls  ue  ntlier  tendiog  to  the  mini- 
niTi"!  tfiwn  the  nn^xinnifi^  thiokDeaB,  m  ft  oon- 
pariacm  vith  other  seotionB  would  indiute. 

The  numbor  of  veins  ahown  u  workable 
beds  in  oar  seotioii  ia  16,  hat  we  have  only 
14  distinct  utmeB,  since  the  "Sovan-Feet^" 
'immediately  overlyioff  the  Munmoth,  a 
only  a  leader  of  that  great  bed,  and  fie- 
qnently  inoorporated  with  it.  We  have, 
therefore,  not  given  it  a  location  and  a  name, 
because  its  existence  as  a  eepoTBte  vein  is  im- 
ovtain  and  temporaiy. 

The  lower  vein.  A,  though  a  consistent 
wad  anifbmt  bed,  varying  &om  2  ieet  to  6 
&et^  is  not  often  workable.  It  is  more  &e- 
qnently  small  and  impure  than  otherwise, 

C  ia  likewise  a  rather  onoertain  seam,  and 
fa  not  often  workable,  but  is  always  oon- 
astent  and  in  place,  though  not  always  de- 
veloped or  notioed. 

There  are  nine  or  ten  small  seams,  lanpng 
flmn  ^hteen  to  thir^  inches,  not  considered 
workable,  and  a  number  of  still  smaller 
Beams,  not  recognized  or  noted  in  mining 
operations.  How  many  of  these  small  strata 
exist  in  the  coal  measures  we  have  co  means 
of  correctly  ascertaining,  but  presume  them 
to  be  from  10  to  15,  and  the  whole  number 
of  scams,  both  small  and  lai^,  in  the  anthra- 
cite measures,  about  40,  The  15  beds  which 
we  have  given  as  workable  coal  have  an 
average  thickness  of  123  feet  in  the  Southern 
field,  but  the  maximum  thickness  of  the 
lower  or  white-ash  series  alone  is  often  104 
Ieet.  The  unworkable  seams  contain  about 
27  feet  of  coal,  and  the  tot^  thickness  of 
ooal  is  not  less  than  150  feet  • 

We  may  now  proceed  to  give  a  descriptioD 
of  each  bed  as  they  occnr  in  the  column, 
remarking  their  identity  with  the  same  bed 
in  other  regions,  as  illustrated  in  our  pre- 
ceding sections. 
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A,  OR  ALPHA. 

This  is  the  lowest  consbteat  coal-bed  in  the  anthracite  or  bitamiiKHU 
coal  measures  in  the  great  Apjuilachian  formations.  It  is  frequently  over- 
looked and  neglected;  but  vie  have  ne\'er  examined  a  locality  in  any  of  the 
trae  bituminous  or  anthracite  coal-fields  in  the  United  States  where  it  did 
not  exist.  Oocasionally  it  is  very  smalt,  but  it  almya 
occupies  the  same  geolc^cal  j>oaition  as  the  first  ooex- 
tensive  coal-bed  in  the  conglomerate  rocks.  Where  those 
rocka  are  of  extraordinary  tliickncss,  even  the  second  and 
third  veins  are  en velo]>cd  in  thcii*  strata;  but  where  tbey 
are  comparatively  thin,  this  seam  is  either  close  above 
them,  or  directly  on  tlicm. 

We  not  only  find  this  scam  in  the  anthracite  prions,  I»it 
it  is  plainly  diBtiognished  in  the  outlying  basins  of  the  grent  bituminom 
fields.  Figure  116,  representing  the  Sullivun  conntj'  (Pcnnsylviuiia)  coil, 
on  the  Loyal  Lock,  shoAvs  it  clearly.  It  ranges  from  2  to  4  feet  in  thit 
•ection,  and  has  an  extensive  range,  but  varit»  much  in  quality. 

Sometimes  the  coal  is  pure  and  excellent  in  character,  but  frequently  it 
is  coarse  and  slaty.  While  the  upper  veins  only  exist  in  limited  patcba 
in  those  outlying  basius,  this  small  coal  A,  existing  in  the  conglomentc 
generally,  has  been  preser\'ed  over  a  much  greater  extent  of  territory,  from 
the  greater  resistance  offered  to  the  denuding  forces  by  the  hard  and 
tenacious  character  of  this  rock. 

On  the  Great  Kanawha,  in  West  Vii^inia,  this  small  scam  is  iko 
plainly  recognizable  on  the  conglomerate.     It  is  tlierc  overlaid  by  thevoi 
B,  corresponding  in  form  and  diameter  to  the  same  viiii 
here.    It  is  sometimes  cannel  in  the  West. 


Fio.  78. 


B,  OR  THE  BUCK  MOD^'TATN  BED. 

This  is  the  second  scam  or  bed  of  the  anthraote  ccmI 
measures,  and  is  separated  from  A  by  30  to  100  ftetof 
strata, — sometimes  almost  entirely  of  conglomerate,  witk 
small  strata  of  slate,  but  frequently  by  thin  sandsbmes  ud 
slates.  It  is  generally  a  large,  workable  bed,  and  is  uoX 
to  the  Mammoth  in  size  and  character.  It  ranges  from  S 
to  20  feet  in  thickness^  and,  if  we  are  not  mistaken  in  onr 
views  in  regard  to  this  seam  at  Xanticokc  and  one  (» two 
other  localities,  it  is  sometimes  found  as  large  as  30  feet. 

B  is  known  best  as  the  Buck  Mountain  bed,  from  the  operations  of  dw 
Buck  Mountain  Coal  Company  on  this  vein  in  the  eastern  end  of  die 
Hazleton  basin,  one  of  the  Liehigh  group.    At  the  mines  of  this  companjr 
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it  is  from  12  to  20  feet  ia  thickness,  and  productive  of  excellent  coal,  which 
is  celebrated  as  a  snperior  eteam  fuel.  lu  the  Black  Creek  basin  it  also 
exists  in  fine  condition  generally,  with  an  average  thickness  of  12  feet.  In 
the  Mahanoj  region  ita  general  size  is  from  10  to  16  feet,  and  at  Tamaqua 
it  ia  given  as  15  feet.  In  the  New  Boston  or  Broad  Mountain  basin,^ 
Ipng  between  the  central  portion  of  the  Southern  coal-field  and  the 
Mabanoy  region, — this  bed  is  in  its  maximum  condition.  It  is  there  18 
feet  in  thickness,  and  exceedingly  pure  and  excellent,  as  shown  by  the 
sections  which  are  presented  farther  on  in  illustration  of  that  basta. 

In  this  district  it  ia  not  generally  considered  workable,  and  is  not  always 
marketable,  on  account  of  its  coarse  appearance.  But  this  feature  is  more 
local  than  general.  We  may,  therefore,  accept  B  as  a  generally  productive 
and  prominent  member  of  the  anthracite  group;  in  &ct,  we  may  consider 
this  bed  of  much  greater  importance  than  the  Mammoth,  since,  as  a  general 
rale,  it  is  equally  as  large,  and  much  more  extensive.  It  is  the  principal  bed 
in  all  the  Western  coal-fields,  and  furnishes  nearly  all  the  fiiel  used  in  the 
lutamiiious  fields  for  the  manu&cture  of  iron.  Its  character  is  peculiar:  it 
is  almost  invariably  a  double  bed  wherever  found,  divided  by  fire-clay,  or 
ilate;  it  always  produces  a  red-ash  coal  from  ita  lower  benches;  ia  always 
dense,  solid,  and  tenacious.  As  an  anthradte,  it  is  our  best  ftimaoe  ccnl 
when  pure.  Its  only  defect  is  the  quantity  of  ash  which  it  {>Toduce8;  but 
this  might  be  remedied  to  a  great  extent  by  careful  selection  and  cleaning. 
In  the  bituminous  regions  it  is  otlen  used  raw  in  the  furnace,  when  not 
liable  to  cake ;  but  generally  it  is  first  coked  or  carbonized  before  use.  It 
rarely  ever  fiiils  to  produce  a  good  coke. 

We  shall  refer  to  this  bed  frequently  in  our  future  descriptions  of  other 
cnal-fields,  and  trace  it  by  unmistakable  evidences  from  one  side  of  the 
great  basin  to  the  other, 

C,  OR  GAMMA, 

is  a  small  and  generally  unimportant  seam,  ranging  from  4  to  8  feet  in 

thickness,  and  divided   by  slate  partings,  which  fatally  injure  its  value 

when  in  its  minimum  dimensions.     In  our  column  of  this 

district  it  is  small,  and  not  considered  workable;  but  in 

the   New  Boston   basin,  in  the  Mahanoy  region,  and  in 

some  of  the  Txilugh  basins,  it  is  of  fair  size  and  character, 

and  may  be  considered  productive.    Were  it  not  contrasted 

Tith  our  Iklammoth  bed,  and  others  of  more  than  ordinary 

thickness,  it  might  be  considered  a  good-sized  bed;  and 

were  it  a  constituent  of  some  of  the  celebrated  bituminous  coal-fields  of 

England,  or  our  Western  basins,  it  would  be  considered  as  a  lai^,  work- 
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THE  SEIDMOBE. 

D  is  known  in  thia  rc^on  ae  the  Skidmore,  and  in  tiie  Lehigh  faniiii 
as  the  Wharton.  Its  usual  thickness  is  8  feet,  but  it  varies  from  6  to  12  leet 
It  is  generally  comudcred  a  workable  vein  in  all  parts  of  the  anthradte 
regions,  and  productive  of  &ii  merchantable  ooal.  It  contains  some  im- 
purities,  but  the  boiw  and  slate  partings  are  conoenlnted 
in  sections,  or  benches,  and  ore,  consequently,  more  nadilv 
separated  from  the  coal  than  when  those  impurities  an 
promiscuously  scattered  through  the  coal.  There  it 
nothing  peculiar  about  this  bed  to  note  especially,  except 
that  it  immediately  preceded  the  formation  of  the  gnuid 
and  celebrated  Mammoth,  from  \7hich  it  is  separated  by 
from  30  to  100  feet  of  slates  and  sandstones.  In  the 
Northern  coal-field,  Scranton  district,  D  is  only  22  leet 
In'Iow  the  Afaninioth,  while  at  Carbondale  it  ia  merely  separated  by  a  few 
l)i«)t  of  hIuIc,  nud  forms  part  of  tlie  Mammoth.  In  that  region  the  veiiis 
are  all  distinctly  shown,  but  thej-  are  divided  by  eompsn- 
¥m.  hi.  tivnly  tliin  strata,  and  the  veins  themselves  are  eoa^ia- 

THE  MAMMOTH. 

This  is  the  great  bed  of  the  anthracite  coal-fields,  ud 
perhaps,  considering  its  extent  and  frequent  enlargementi) 
the  most  magnificent  coal-bed  in  the  world.  Its  most  pro- 
ductive or  best  condition  is  perhaps  thirty  feet  in  thlek- 
ness;  but  it  \'aries  from  12  to  70  feet  In  figure  81  «e 
have  given  it  as  25,  which  may  be  accepted  as  its  avotga 
size  in  this  district  In  the  Lehigh  district  it  rangn 
from  40  to  60,  but  contains  less  workable  coal  than  it 
does  when  only  30  feet  thick,  as  in  the  Lehigh  detadwd 
basins  and  elsewhere.  In  the  New  Boston  basin  it  ii 
over  60  feet  thick,  vertically  across  the  strata  of  the 
ooal,  while  the  bed  is  uniformly  deposited  in  a  moderately 
dipping  basin.  Generally,  those  great  enlai^emenls  art 
on  an  axis  of  formation,  either  synclinal  or  autJclinal^ 
where  the  vein  is  doubled,  and,  conseqaently,  the  beodia 
are  counted  twice.  But  in  the  New  Boston  basin  socli  ii 
not  the  case.  The  vein  is  evenly  stratified  and  siagl&  In 
the  Mahanoy  region  the  average  size  of  the  Mammodi  i> 
from  25  to  30  feet  in  thickness ;  but  there,  as  elsewho^ 
great  enlargements  ore  found.     One  of  these  is  at  the  Mclieal  cot- 
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lieiy,  where  the  veiii  is  over  60  feet  thick,  and  another  is  at 
dtj,  where  it  is  between  70  and  80  feet  thick.  But  both  these  ezceauve 
dimensions  are  on  t^e  vertical  north  dips,  where  the  vein  is  probably  doabled. 
In  the  Shamokin  lefpon  the  Mammoth  is  divided,  and  is  known  as  the 
Twin  veins.  Each  division  ranges  fix>m  9  to  16  feet  in  thickneesy  and  is 
divided  hy  from  10  to  40  feet  of  slate  and  sandstone.  In  the  Lehigh  basins 
its  siae  is  generaUj  nnifbnn,  and  ranges  from  26  to  36  &et,  and  the  bed  is 
in  fine  condition. 

In  the  Wilkesbarre  district  of  the  Northern  coal-field,  the  MammoJh, 
nnder  the  name  of  the  Baltimore  vein,  is  about  20  feet  thick ;  in  the 
PittBt^m  district  about  12,  and  the  Scranton  14  feet  At  Garbondale  it  is 
20  feet  thick ;  but  there  it  is  composed  of  several  of  the  accompanying 
veinsi,  brought  together  by  the  thinning  of  the  strata  in  that  dir^otion. 

A  peculiar  and  fiivorable  feature  of  the  Mammoth  is  its  massive  and 
aolid  benches  of  pure  coal,  which  frequently  exceed  fimr  feet  without  a 
streak  of  bone  or  impurity,  and  oflen  from  ten  to  twelve  feet  without  aqy 
marked  parting  of  bone  or  slate  to  denote  a  change  or  interval  in  the  pro- 
oaia  of  formation.  We  cannot  conceive  any  possible  (x  probaUe  inooeas 
by  which  these  masses  of  coal  could  have  been  fianned  by  arboresoenft  vig^ 
tation.  It  is  umply  impossible.  Weare  fi>rced,  therefore,  to  mora  natoml 
conclusions,  or  such  as  we  discussed  pretty  fully  in  the  opening  cbaptem. 

The  Mammoth  vein  now  produces  over  two-thirds  of  all  the  antfancitB 
ooal  mined ;  and  perhaps  we  might  increase  the  amount  without  ovosesti- 
mating  it.  As  long  as  the  Mammoth  bed  is  productive  at  moderate  d^ths, 
the  smaller  seams  will  remain  in  statu  quo.  The  difference  in  the  cost  of 
mining  coal  from  those  large  white-ash  beds  or  from  the  small  red^ash 
seams  cannot  be  less  than  50  per  oent^  and^  including  risk  from  fitults  and 
irregularities,  perhaps  much  more.  The  Mammoth  is  the  most  r^ular  and 
reliable  of  all  our  veins,  the  most  economical  to  mine  and  operate,  and, 
firom  its  size,  the  most  productive. 

The  ''  Seven-Foot  Vein''  is  a  leader  or  satellite  of  the  Mammoth.  It 
is  generally  persistent  throughout  the  Pottsville  district,  and  usually  found 
in  the  Mahanoy  region ;  but  generally  in  other  sections  it  is  combined  with 
the  Mammoth.  Its  size  varies  from  4  to  10  feet,  and  its  character  is 
generally  rather  coarse  and  bony.  We  do  not  consider  it  a  r^ular  bed,  for 
the  reasons  before  mentioned.  Its  distance  above  the  Mammoth  varies  from 
0  to  20  feet  The  latter  is  its  usual  position  in  the  Pottsville  and  Mahanoy 
districts. 

The  identity  of  the  anthracite  with  the  bituminous  coal-beds  can  no 
doubt  be  made ;  but  we  do  not  think  our  miners  and  mining  engineers  have 
b^nn  right,  nor  do  we  think  it  possible  to  identify  them  if  the  Pittsburg 
seam  is  taken  as  cotemporaneous,  or  on  the  same  horizon  with  th^ 
Mammoth,  for  reasons  which  we  may  briefly  explain. 
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In  the  first  placc^  the  average  distance  of  the  Mammoth  from  the  ocm* 
glomerate  is  not  over  300  to  400  feet,  while  the  Pittsburg  seam  is  from 
700  to  800  feet.  Now^  as  it  is  remarkable  that  the  strata  invariably  de- 
preciate or  thin  in  a  western  direction^  it  would  be  singular  and  at  vari- 
ance with  all  our  experience  if  the  strata  between  the  Pittsburg  seam  and 
the  conglomerate  should  be  greater  at  the  Ohio  than  at  the  SchuylkilL 

Secondly,  we  find  the  Pitt!?burg  seam  on  the  top  of  the  barren  measaiee, 
while  the  Mammoth  is  at  their  base,  and  the  Primrose  here  occupies  the 
place  of  the  Pittsburg  there.  The  great  Mahoning  sandstone  seems 
cotemporaneous  with  the  massive  sandstone  over  the  Mammoth ;  and  the 
Holmes,  or  F,  corresponds  with  the  single  small  seam  in  the  '^baireo 
measures/' 

Third,  we  find  in  the  detached  coal-basins  lying  between  the  anthracite 
and  bituminous  fields,  the  Mammoth  in  its  proper  position  and  character^ 
as  shown  by  figure  115,  representing  the  Sullivan  county  coal-basin^  whidi 
we  give  from  actual  and  personal  nu»as!ircinent. 

We  find  the  Mammoth  also  in  its  pro|>or  place  in  the  Comberhnd 
region,  with  the  usual  underlying  sc^anis;  and  we  find,  also,  that  the  great 
bed  of  Karthause  and  Clearfield,  in  Poiinsvlvania,  which  is  at  the  base  of 
the  barren  measures,  corres]>onds  with  tiie  Mammoth  in  position  and  genend 
characteristics;  while  we  find  the  same  bod  on  the  Great  Kanawha  and  oo 
Coal  River,  in  West  Virginia,  in  the  relative  position  of  the  Mammoth,  and 
oorresponding  more  genenilly  with  that  great  bed  than  the  Pittsburg  seaiii. 

We  are,  therefore,  forced  to  conclude  that  the  first  large  seam  below  tbe 
barren  measures,  and  on  the  same  horizon  with  the  Mammoth,  is  cotempo- 
raneous with  the  latter,  and  that  the  Primrose  bed,  which  is  on  top  of  die 
barren  measures,  and  on  the  same  horizon  with  the  Pittsburg  seam,  is 
cotemporaneous  and  identical  with  the  latter. 

Under  this  theory  it  is  possible  to  reconcile  the  anthracite  widi  Ae 
bituminous  formations;  but  it  is  not  possible  under  the  theory  whidi 
takes  for  granted  that  the  Mammoth  and  the  Pittsburg  seam  are  spuaxf* 
moas,  nor  under  another  theory,  which  makes  the  Mammoth  identioalwitb 
B  in  the  Western  coal-fields.* 

THE  HOLMES. 

F  is  a  small  seam  overlying  the  Mammoth  about  200  feet.  It  raoga 
from  3  to  6  feet  in  thickness  in  the  anthracite  regions,  and,  if  we  are 
correct  in  our  conclusions,  from  6  to  30  inches  in  the  bituminous  ooil- 

*  There  is  much  difference  of  opinion  in  regard  to  the  true  horiion  of  these  reipeelht 
hedi.  Lesley  makes  the  Pittsburg  and  Cumberland  14-feet  bed  identical;  while  Lesquereu 
thinks  the  Pittsburg  aboTe  our  red-ash  beds.  Lesley  and  Lesquereux,  howoTer,  are  botk 
correct  in  the  main  points  of  the  identity ;  and  farther  on  we  hare  made  use  of  thdr  evi- 
dence to  proTO  our  proposition.    The  general  impression  among  miners  is  erroneooi. 
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liBBiiifl,  ind  is  lookted  between  die  npper  and  lower  oo«l  aerica,  and  is 

what  is  known  aa  the  "barren  measnres"  in  the  Great 

All^hanj  ooal-field.     It  ie  not  much  worked,  and  ie  c 

ndered  small  and  insignificant  in  comparison  with  other 

great  aaxunpanying  beds.    The  coal  is  generally  good,  and 

the  seBm  is  consistent  and  onifbnn. 

Strictly  speaking,  this  is  the  upper  white-ash  bed. 
But  we  may  here  remark  that  whioh  we  omitted  in  the       ''  °"  "^"*' 
proper  place, — that  tie  lower  bench  of  the  "Back  Bfooutain,  or  B,  produoei 
a  4aA  red-ash,  and  A  prodncee  ied-«sh  entirely. 

TEE  PBraROSE. 

The  Plimrose  is  a  large  and  prodactiTe  bod,  generally  regular  and 
reliable  in  fduuacter,  and  is  mined  with  eoonomy.  It 
ranges  from  9  to  16  feet  in  thickneae,  and  is  generally 
daaaed  with  the  white-ash  beds,  though  it  is  more  properly 
a  pink-asb.  The  bottom  bench  is  a  white-ash  coal,  and 
die  appw  benchee  red-aah  coal.  In  other  regitma,  how- 
ever, it  produces  ^1  white-ash  ooal,  and  is  considered  as 
unoDg  the  white-asli  veins,  and  partioalarly  so  in  the 
IJahanty  r^on  and  in  the  Sctanton  district,  where  this 
vein  ifl  very  large  and  prodnctive.  It  lies  from  300  to 
400  feet  above  the  Mammoth.  We  consider  the  Primrose 
as  the  counterpart;  of  the  Pittsburg  seam,  sluce  it  occupies 
a  corresponding  poaitiou  in  the  horizon  of  the  ooal  measures,  and  is  gene- 
rally identical  with  the  PittBbui^  in  character,  position,  and  associations. 

The  Primrose  is  the  most  consistent  bed  in  the  anthracite  coal-fields,  and 
is,  in  all  probability,  equally  consistent  in  the  bituminous  regions.  Its 
variations  are  not  so  great  as  the  Mammoth,  and  it  appears  to  have  been 
fbrmcd  with  tees  interruption,  since  it  is  rare  to  find  more  than  one  slate 
parting  in  it,  and  frequently  there  is  none,  the  divisions  being  merely 
partings  of  bone  or  coarse  coal;  while  the  Mammoth  is  frequently  divided 
by  massive  slates  or  sandstones  from  2  to  40  feet  in  thickness,  and  la  often 
divided  into  ibur  distinct  veins, — ^that  is,  the  upper  or  "seven-feet  vein," 
the  upper  "Twin,"  the  lower  "Twin,"  and  the  "orosa-cut," — and  these,  in 
all  probability,  form  the  ctuef  veins,  independent  of  the  Buck  Monnt^, 
or  B,  in  the  bituminous  regions  beneath  the  barren  measures. 

All  the  lower  beds,  including  the  Mammoth,  are  subject  to  sudden 
and  excessive  expansions  and  contractions.  The  Mammoth  is  found  at 
one  place  over  60  feet  thick,  in  regolar  and  uniform  strata, — ^fbr  instance, 
at  New  Boston;  and  at  another  it  is  found  depreciated  to  two  tliia  plates 
of  kaa  than  6  feet  reqtective  thickness,  or  12  feet,  which  is  the  minimum 
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thicknes),  near  Shamokin.  These  sizes  may  be  regarded  as  the  minimiim 
and  maximum  changes,  and  between  them  this  great  bed  vibrates  fiam 
point  to  point;  but  its  most  petsistent  size  is  between  the  eztremas  oi  20 
and  35  feet,  which  is  its  best  coQditi<m. 

Tbe  I^imroee,  or  G,  is  less  changeable.  Its  size  or  diameter  is  tasoallj 
—almost  aniformly — 10  feet,  though  it  varies  from  9  to  16  feet  whoi  in 
measures  not  confused  and  contracted  by  faults;  but  in  &nlt;y  groaud  tliii 
bed,  like  all  others,  is  liable  to  extreme  fluctuation. 

It  is  worthy  of  note,  and  we  may  perhaps  appropiistely  state  the  bet 
here,  that  alt  beds  of  coal  formed  in  extremely  deep  basins  aie  smaUe- 
than  when  formed  in  moderately  deep  basins.  We  think  this  rule  will 
hold  good  the  world  over.  But  they  are  still  thinner  and  much  more 
nnrcliable  when  formed  in  extremely  shallow  basins  than  when  formed  in 
the  extremely  deep  basins;  and  this  £ict  is  a  very  strong  argument  against 
the  theory  which  makes  our  ooal-beda  the  productions  of  arborGSoent  a 
marsh  and  bog  vegetation. 

For  fear  of  misconception.  It  may  be  necessary  here  to  remark  that  man; 
of  our  preeent  deep  bods  were  not  the  primary  formations  of  deep  bonai. 
They  have  been  snbeequcntly  depressed,  as  is  evident  &om  the  actmi 
thickness  of  the  strata  at  right  angles  and  the  absence  of  the  upper  veini) 
vhich  are  conclusive  evidences  of  their  original  depth  and  of  their  saiw^ 
qnent  changes, 

Tbe  deep  basins  of  the  Mahanoy,  with  their  sharp  angles  and  nanov 
troughs,  were  not  formed  in  their  present  position,  but  have  since  bets 
contracted  and  depressed;  and  we  may  say  tlie  same  thing  of  the  Ldiigli 
formations  generally.  But  the  central  portions  of  the  Shamokin  $ni 
Pottsville  basins  must  have  been  deep  originally,  and  some  of  the  vid* 
basins  of  the  Western  bituminous  coal-fields  must  also  have  been  extremely 
deep,  as  were  the  formations  of  the  Great  Northern  ocal- 
field  of  England  and  the  Arcadian  coal-fields  of  tb> 
British  Provinces. 

This  subject  requires  more  elaboration  and  proof  to 
make  it  intelligible.  This,  liowL-vcr,  is  not  the  place  to 
discuss  it;  but  we  briefly  mention  the  &ct  here,  u  we 
find  it  abundantly  illustrated  by  a  hundred  concuning 
evidences. 

THE  ORCnARD. 

The  Orchard,  or  H,  is  a  re^lar  and  aniferm  bed.  It 

ranges  from  4  to  8  feet  in  thickness,  and  lies  about  100 

feet  above  the  Primrose,  or  G.    It  is  the  first  purely  red-ash  v^n;  bat 

the  coal  is  frequently  coarse  and  unprepossessing  in  appearance,  though  an 

excellent  fuel  for  domestic  purposes.     Wheo  a  boy,  and  engaged  in  work- 
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j^  tliia  ooal  at  Oftk  Hill,  the  author  Temembcsn  to  IiaTS  iMard  Jamai  ^U- 
onn,  EBq[.,  of  Pottorille,  c&ll  it  "  hemlook  coal/'  in  tUnnan  to  its  vege- 
kiUe  oi^jiit  and  the  ooone-grunedf  knotty  oharaoter  of  onr  hetnlook  or 
ipnoe  (imber.  Bat  this  is  not  a  general  oharaoteristio  of  H.  We  have 
Ken  it  prodncdve  of  the  most  beaatiiul  and  luatroas  red-aah  cxmi.  It 
ii  always  divided  by  s  parting  of  slate,  or  soft,  "dirty  Bkining/'  from  3  to 
S  inches  thiok.  The  bottom  bench  ranges  from  one  to  two  feet,  and  is 
leoeiBlly  of  pore  floal,  thou^  freqaently  of  thin  layers  from  two  to  three 
inidieB  in  thickness.  The  top  bench  langeB  from  3  to  6  feet  in  thickness, 
md  is  more  manive  in  chsraoter,  though  often  streaked  with  bone  and 
divided  into  layers  or  strata  of  from  6  to  12  iuchei 
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THE  LITTLE  ORCHAItD. 

The  Little  Orchard  is  a  small  seam,  and  bot  little 
mriced.  It  ranges  from  2  to  4  ftrt  in  thickneas,  and 
Imb  about  160  feet  above  the  Frimroa^  in  the  Potteville 
iiitriot ;  but  tills  and  the  Big  Orchard,  H,  is  frequently 
Emnd  from  200  to  250  feet  over  the  Primrose  in  other 
Sitriots.  At  Boranton,  however,  H  is  only  92  feet  above 
Et;  but,  ai  before  obaerved,  all  the  measures  thin  in  that 
lirectioa.  We  may  Iiere  remark  that  I  is  not  a  oon- 
H^t  and  uniform  seam ;  and  ve  think  it  very  probable      '  '  " 

that  we  have  on  several  occasions,  in  other  sections,  given  I  the  credit 
vhich  is  due  to  J.  In  the  Scraaton  district  we  think  it  probable  that  I 
ather  nuitcs  with  H  or  disappears  entirely,  and  that  J  takes  its  place. 

This  little  vein  sometimes  produoes  the  most  splendid  coal  when  in  its 
aoazimum  condition ;  but  when  small  its  coal  is  tough,  ooaise,  and  profusely 
streaked  with  bone  and  sulphur.  Its  variations  are  sudden  and  extreme; 
Uid  when  Its  expansion  is  from  the  miner  it  is  veiy  difficult  to  mine,  from 
its  tendency  to  "jam"  in  a  wedge-like  manner. 


THE  DUHOND,  OE  DADDOW. 

This  is  one  of  the  larger  and  persistent  red-ash  beds, 
tod  is  found  uniform  in  character  throughout  the  red- 
aah  fonoatlons  or  upper  aeries  of  the  coal  measures.  It 
tinges  from  6  to  9  feet  in  thickness,  and  lies  from  250 
to  300  feet  above  H,  or  iix)m  400  to  500  feet  above  the 
Primrose,  G,  across  the  measures,  at  right  angles  with 
tluir  dip. 

This  vein  is  known  locally  by  a  variety  of  names, 
■  the  "  North  Diamond,"  "  Flowery  Field,"  "  Peacock,"  &o.,  and  has 
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been  extensively  worked  at  Oak  Hitt,  on  the  West  Norw^;ian,  b^  the 
writer's  father,  and  others.  When  id  its  best  conditioD,  it  is  prodixtin 
of  the  most  excellent,  prepoesessing,  and  liistroas  ooal,  and  is  appnv 
priatcly  named  the  "  Diamond,"  since  none  of  the  red-ash  cxwls  have  ■ 
more  splendid  appearance.  Bnt,  unfortunately,  this  vein  is  not  reliable.  It 
is  subject  to  "ftults"  and  irr^ukrities,  and  frequently  chongea  rnddealj 
from  the  purest  coal  to  a  dull  mixture  of  dirt,  slate,  bone,  and  coaL  These 
&ults,  however,  are  not  very  extensive,  and  in  a  large  operation  the  impon 
portions  might  be  left  as  pillars  without  much  loss ;  bnt,  under  picKot 
drcumstauces,  mining  on  a  large  scale  cannot  be  profitably  conducted  oo 
the  rcd-oiih  seams  in  competition  with  the  great  white-ash  bcdd,  which  an 
mined  witli  much  more  economy.  Small  amounts  of  red-ash  coal  may  find 
a  market  at  reasonable  or  remunerative  prices;  but  huge  quautttics  would 
come  in  opposition  with  the  wlute-ash  markets.  The  day  has  not  yd 
arrived  when  the  red-ash  veins  can  be  worked  with  profit;  but  it  will  oom^ 
as  surely  as  the  exliaustion  of  the  Mammoth  at  moderate  "  sloping"  dis- 
tanoOB  from  the  surface.  When  deep  shafi^  are  necessary  to  reach  tha 
Mamniotli,  tlic  rcd-a^h  seams  must  be  penetrated;  and  they  will  tbeo  be 
worked  to  8<>me  advantage. 

The  Diamond  is,  we  believe,  invariably  divided  into  two  "benches' 
|p'iH>nilly  by  a  eoh  "mining,"  which  sometimes,  however,  changes  to  sbti 
ttud  Ikmu'.  The  bottom  bench  is  hard,  lustrous,  and  pure,  and  genenllf 
milid,  Willi  A  ntnclioidal  fracture.  Its  thickness  ranges  from  2  to  4  fi* 
'\'iw  divi'liiit;  {Hirtion  is  from  4  to  10  inches  in  thickness,  and  the  n[^ 
U'lii'li  or  ImmiHich  from  3  to  4  feet  in  thickness,  and  is  often  shelly  and  siA, 
|)nHliii'(iv<>  (if  iiiiu'li  vmntc.  Though  c&iiily  mined,  it  is  not  always  re- 
iiiiiiicnitivis  on  msiount  of  the  large  amount  of  refuse,  which  mast  be 
liiiiiilli'il.  mid  wliii-li  frequently  is  more  than  can  be  stowed  away  in  the  ei- 
mviili'd  purliiiiiii  of  the  mine. 

THE  BIO  TRACT. 

ir,„,  Hi.  I'^igurc  87  does  not  represent  the  Big  Tracy  in  iB 

i>ctjt  condition,  but  we  think  it  about  the  mean,  wu  . 
average  illustration  of  its  character.  We  have  attempts! 
to  pniject  all  the  sections  of  coal-strata  on  a  scale  of 
omMenth  of  an  inch  to  a  foot;  and  this  scale  wiO 
ajiproximntc  the  actual  thickness.  But  we  have  ^n 
tliv  figures  in  all  cases;  though  our  artist,  who  is  uratll* 
very  correct,  has  not  always  put  the  distiagnishiif 
murks  to  denoto  feet  from  inche:).  A  dot  after  A> 
flgiiro  Nhould  denote  feet,  and  before  it  inches.  WA 
ihii*  explanation  the  reader  will  be  able  to  detecttbi 
iirnjr. 
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ig  Km7,  or  E,  ranges  fiom  8  to  12  feet  in  thicknen,  and  lies  from 
M)  ftet  above  the  Diamond,  or  J;  but  between  tliem  there  are  two 
veins  approaching  the  workable  sizes,  and  among  these  is  the 
,"  which  ranges  from  2  to  3  feet  in  tbickneee. 
T0  represented  this  bed  as  divided  or  streaked  with  several  beochee 
ud  aooompanied  with  asoftstratnmor  miningas  a  base;  but  this 
is  changoible,  and  the  vein  is  frequently  found  almost  pure,  or 
small  strings  of  bone;  when  the  bone  is  wanting,  some  of  the 
odies  are  generally  soft  and  shelly,  and  productive  of  mach  waste 
I  and  the  preparation  for  market. 

ad  is  also  liable  to  "  &alts ;"  and  perhaps  one-fourth  of  the  entire 
[Red  by  its  strata  will  be  found  unproductive.  The  general  form 
ff  imperfection  developed  by  the  workings  on  this  bed  is  a  tend- 
cramble  or  waste.  A  considerable  portion  of  the  seam,  under 
nunstances,  cannot  be  made  available.  "Dirt-&ults,"  as  repre- 
I  figures  111  and  112,  are  frequent  ta  all  the  red-aeh  coal-beds; 
l:-&ults,  as  illustrated  in  figures  108  and  110,  are  more  frequent 
lite-ash  beds. 

'  be  noticed,  by  an  inspection  of  the  transverse  section  across  the 
Vlttsville,  and  the  several  vertical  sections  taken  in  variooB  parts 
ithradte  regions,  that  K  occupies  but  a  small  portion  of  tliis  ter- 
(8ee  figure  74.)  It  is  only  found  in  the  first  four  basins  in  the 
U  district,  and  does  not  extend  to  Tamaqua  or  Tremont;  while  it 
ind  in  any  of  the  other  fields,  except,  it  may  be,  in  some  portions 
uunokin  r^ion, 

THE  LITTLB  TRACT. 

ttde  Tracy  is  a  solid  bed  of  excellent  coal.  It  is  seldom  &ul^  or 
mt  it  varies  considerably  in  size,  ranging  gene- 
reen  3  and  4  feet,  but  sometimes  depretnatee  to 
9,  and  has  been  known  to  exceed  5  feet  in 
.  This  coal,  when  the  seam  is  in  good  condt- 
ents  an  admirable  appearance,  and  as  a  f 
I  or  household  purposes  cannot  be  excelled. 
an  is  worked  with  much  economy  when  in  its 
ice,  considering  its  diameter,  and  produces  bat 
te,  and,  except  a  single  bone  which  accompanies 
there  is  no  impurity ;  and  this  bone,  owing  to  ita  solidity,  is  easily 
from  the  ooal  without  injuring  its  marketable  qualities. 
tarn  of  "  mining"  generally  underlies  the  coal-bed  as  a  base.  It  is 
oft  dirt,  and  presents  an  advantage  to  the  miner  for  the  purpose 
itmining"  the  coal;  that  is,  the  miner  digs  out  this  soft  stratum 
mr  the  coal,  and  thus  leaves  it  without  support  except  by  its  ooq- 
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nection  with  the  seam  at  the  edges.  This  nndermiiiiiig  process,  therefe 
enables  the  miner  to  break  down  the  coal  with  powder  or  wedges  wi 
much  more  &cili^  than  it  can  be  obtained  when  solid.  It  ia  thus  we  o 
these  Bofl  atmta  "mining,"  because  in  them  the  miner  "nodermines"  t 
coal  in  the  anthracite  mines  whenever  available:  they  freqaentty  ooc 
in  the  upper  red-ash  seams,  but  seldom  in  the  white-aah.  In  the  lati 
the  "blasting"  process  with  powder  is  exclusively  made  use  of. 

Bituminous  coal-seams  seldom  contain  any  softer  stratum  than  the  oo 
itself.  Frequently,  bands  of  slate  traverse  the  coal ;  bat  these  are  geoeni 
harder  than  the  coal,  and,  consequently,  ore  not  available  as  mining.  H 
miners  usually  cut  out  the  lower  portion  of  the  seam  in  the  bituminoi 
coals,  not  only  with  more  labor  than  ia  required  in  digging  out  our  ao 
strata  of  mining,  but  also  with  much  waste  of  otherwise  marketable  cut 
But  this  mining  process  is  the  most  available  one  known,  and  is  invariaU; 
made  use  of  in  the  English  mines,  and  in  all  bituminous  r^oos  wbea 
the  minii^  of  coal  is  conducted  systematically  and  economically. 

There  is  not  much  difference  in  the  rehitive  sizes  of  L  and  I;  but  tboi 
is  considerable  difference  in  the  economy  of  working  the  two  aeama,  ui 
contains  no  "mining"  stratum,  and  the  coal  is  therefore  "blasted"  irom  tin 
solid  with  powder,  without  the  great  advantage  of  being  undermined,  s 
in  L. 

The  Little  Tracy,  or  L,  is  sometimes  known  as  the  Little  DiinHod 
from  the  great  purity  and  lustre  of  its  coiil.  It  is  also  known  as  the  "jtti 
coal,"  from  its  size,  "Mason's,"  "Rabbit-hole,"  "Charley  Potto,"  "Bai 
cliffe,"  "  Palmer,"  &c.  Its  position  is  from  50  to  100  feet  over  the  Sg 
Tracy,  K,  and  150  below  the  Gate,  or  M. 


This  ia  the  upper  reliable  seam  in  the  anthracite  regions,  and  is  perinp 
the  most  valuable  of  the  strictly  red-ash  veins  above  tb 
Primrose.  It  is  extensively  worked,  and  has  been  minei 
to  a  great  depth  at  several  distinct  and  distant  localitiee,- 
for  instance,  at  the  York  Farm,  by  Geoi^  H.  Potts;  i 
the  Old  Salem  colliery,  near  Port  Carbon ;  at  the  Nowlt 
colliery,  below  New  Philadelphia,  and  several  other  point 
— and  has  generally  been  found  consistent,  uniibrm,  an 
less  troubled  with  fiiults  than  most  of  the  red-ash  beds  o 
an  earlier  formation, — a  singularity  that  we  can  scared 
account  for  except  by  the  theory  of  "gradual  defse 
aion." 

This  seam  ranges  from  4  to  16  feet  in  thickness;  but  its  nsnal  and  be 
condition  is  from  5  to  10  feet.     The  south  dips,  though  more  oonaiatent 


THE  SOUTHERN  (X>AL-FIEIJ>.  259 

Bize,  are  generally  the  smallest  in  diameter;  while  the  north  dips  are  usually 
of  greater  dimensions,  but  generally  not  so  reliable  or  regular.  A  singular 
ftature  of  this  seam  is  the  fact  that  a  north  dip  is  seldom  found  on  the 
sorfiice  or  at  its  outcrops.  This  feature,  however,  to  a  limited  extent, 
prevails  with  the  veins  immediately  below  it,  and  to  the  same  extent  to 
the  one  above  it.  This  is  readily  explained  by  referring  to  figure  74,  where 
it  may  be  noticed  that  all  the  north  dips  incline  at  first  to  the  south  in  the 
first  basin;  and  this  feature  governs  the  upper  scams  to  a  greater  extent 
than  our  section  represents,  even  in  the  third  and  fourth  basins.  In  fact, 
nearly  all  the  north  dips  in  the  Pottsville  district  are  either  inverted  or 
perpendicular:  consequently,  the  outcrops  of  nearly  all  the  seams  would 
appear  as  if  they  were  dipping  to  the  south;  and  this  feature  originally,  or 
when  this  field  was  first  developed,  was  a  great  mystery  to  geologists  and 
miners.  Those  who  knew  little  or  nothing  of  geology  supposed  that  we 
had  as  many  distinct  seams  as  we  had  outcrops,  and  that  instead  of  14 
workable  beds  we  had  140  or  more.  Whether  they  all  united  in  a  great 
mass  below,  terminated  in  needle-points,  cut  each  other  off,  or  dipped 
nnder  the  Sharp  Mountain  and  came  up  in  some  other  unknown  country, 
were  debatable  questions  which  were  often  argued,  but  we  believe  never 
satisfiictorily  settled  or  concluded. 

We  believe  that  M  was  first  worked  at  Centreville,  under  the  name  of 
the  **Sphon,"  and  subsequently  at  Pottsville,  in  the  Grate  ridge,  under  the 
name  of  the  Gate ;  at  the  Salem  colliery,  near  Port  Carbon,  as  the  Salem ; 
at  the  Delaware  mines,  as  the  Peach  Mountain ;  and  at  the  Mill  Creek 
colliery,  as  the  Lewis.  At  each  of  these  points  this  vein  was  worked  in 
different  basins  and  on  different  dips,  and  under  different  names  as  distinct 
seams.  Even  now  many  of  our  old  and  intelligent  miners  are  slow  to 
cre<lit  the  fact.  To  them  it  seems  inconsistent  that  the  Gate  and  Salem 
can  be  the  same  vein,  since  they  both  appear  to  dip  in  the  same  direction 
and  are  apparently  in  the  same  basin.  It  is  difficult  to  convey  an  intelli- 
gent impression  of  the  inverted  dips  in  our  anthracite  basins  to  the  minds 
of  men  accustomed  to  the  uniform  and  gentle  undulations  of  the  English 
ooal-fields;  but  we  hope  our  illustrations  will  convey  the  idea  more 
successfully  than  our  simple  descriptions. 

This  feature  of  inverted  dips  has  not  only  mystified  the  formation  in 
the  southern  or  deep  basins  below  the  red-ash  scams,  but  has  been  the 
cause  of  much  confusion  and  error  in  connection  with  the  Mammoth  in  the 
white-ash  or  northern  basins.  Thus,  the  inverted  dip  of  the  Mammoth  at 
Coalcastle,  as  illustrated  in  figure  75,  gave  rise  to  the  fabulous  Jugular 
bed  which  has  been  the  means  of  draining  the  pockets  of  many.  But  the 
Jugular  has  never  been  found;  though  some  are  still  driving  tunnels  in 
search  of  it.     They  may  be  rewarded   by  the  discovery  of  the  Buck 
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MonotaiD,  or  B,  in  a  workable  conditJon ;  bat,  as  Ae  &moiu  JogoUr  is  a 
myth,  its  believers  will  never  be  rewarded  for  their  fidth. 

The  Gate,  or  M,  has,  of  course,  leas  raoge  than  the  Tncy,  or  E,  before 
describc<I,  and  probably  does  not  cover  more  than  60  square  miles  of  area 
throughout  the  anthracite  r^ons.  Its  superficial  area,  however,  is  len 
than  its  real  area,  if  horizontally  stratified,  since  the  bamna  ia  which  it 
n\nt  are  contracted  to  leas  than  half  their  original  dimensions,  •until  the 
veins  arc  frequently  "  on  end,"  instead  of  being  in  a  natorally  stnlafied 
Imsin.  At  the  Kooda  Shaft  colliery,  near  New  Philadelphia,  M  is  fixind 
dipping  at  the  rate  of  80°  south,  while  in  the  Sharp  Mountain,  oppoaitt^ 
thiM  IhiI  JH  perpendicular  and  frequently  inverted.  It  is  almost  impossibly 
niiflor  nucb  circumstaiices,  to  tell  how  deep  the  hosin  may  be,  or  how  wide 
it  (irigitmlly  was.  But  this  contraction  does  not  take  place  in  shallow 
iMutiiut ;  fur,  inHteiid  of  being  depressed,  they  are  lifted  by  the  contractiif 
fttn»-n,  itiid  wo  niiiy  thence  conclude  that  all  perpendicular  dips  haviif 
A/n//  fwiw  numt  Iwloiig  to  deep  basins. 

The  (iaUi  at  the  Roads  coUieiy  will  average  10  feet  thick,  with  7  feet 
bottom  bendi,  and  a  2  feet  top  bench,  divided  by  a  foot  or  more  o£  slate. 


THE  8ANDB0CK. 

f '"■  ****■  This  is  the  upper  workable  scam  in  the  anthracite  mei- 

Bures;  but  it  is  generally  considered  too  small  for  attentUB 

at  present,  though  we  believe  it  has  been  worked  as  the 

South  Salem.     It  ranges  from  2  to  4  feet,  and  lies  fins 

100  to  150  feet  above  the  Salem,  or  M.     N  is  worthy  of 

note  simply  as  the  upper  workable  seam,  but  otherwise  it 

ia  insignificant,  and  scarcely  deserves  a  name  and  localioa 

among  the  many  magnificent  beds  which  we  have  illustrated:  inclnarf^ 

however,  it  constitutes  the  fifteenth  scam. 

To  all  of  these,  except  A  and  C,  we  hare  attached  the  most  popular  nam^ 
and  have  frequently  given  the  local  names  as  applied  in  difierent  districta 
We  may  here  note  an  omission,  however,  in  case  of  the  Mammoth,  whici 
was  known  generally  during  the  early  development  of  the  Coalcastle  w 
Mine  Hill  basin  as  the  "  Daniel,"  after  the  first  operator,  Mr.  FrsnoJ 
Daniel,  now  of  Yatcsville,  in  the  Mahanoy  ^'alley. 

We  have  given  names  to  the  two  lower  nameless  beds  A.  and  C,  u 
Alpha  and  Gamma.  These,  however,  are  unimportant  seams,  and  no  tut 
will  I>c  conocmed  about  their  names.  The  liber^  we  have  taken  in  giving 
tlufm  some  definite  title  is  simply  for  convenienoe. 

The  names  and  thickness  of  the  respective  seams  as  we  have  now  dsB- 
fled  thom,  in  the  Pottaville  district,  we  give  in  the  acoompaaying  table. 
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A 

B 
G 
D 

S 
F 

e 

H 

I 
J 

K 
L 

If 
V 


Alpha. 

Book  Moontam. 
Gain  in  ft  •  ■••••••«•• 

Bkidmore 

Mammoth 

Holmes 

Orchard 

little  Orchard.. 

Diamond 

Tracy 

UUle  Tracy 

Gate 

Sandrock 

Total 


BikknMior 

ThickaflHor 

Beama. 

MMiiirM. 

i 

i 

i 

1 

WU 

It. 

WU 

It. 

4 

1 

60 

10 

80 

6 

76 

86 

8 

2 

160 

40 

12 

4 

160 

40 

76 

12 

100 

22 

6 

8 

800 

41 

16 

6 

160 

44 

8 

4 

160 

92 

4 

2 

100 

21 

10 

6 

800 

86 

12 

6 

260 

160^ 

4 

2 

100 

60 

16 

6 

200 

160 

4 

2 

160 

100 

205 

60 

2176 

820 

The  aTerage  thioknets  of  both  eeame 
and  measures  is  giTen  in  figure  74, 
or  the  PotttTille  ■eeiioa. 


The  minimiim  column  to  this  point 
is  taken  from  the  Soranton  section; 
below  this,  from  the  PottsrHle. 

Alpha  is  the  lowest  and  the  Sand- 
rook  is  the  highest  seam. 


I 


Thus  the  minimum  thickness  of  the  coalHseams  would  be  about  60  fee^ 
the  average  thickness  123,  as  given  in  figure  74,  and  the  maximum  205 
feet.  The  thicknesfl  of  the  measures  would  stand  thus,  inclusive  of  the 
eoal: — minimum,  880;  average,  1760;  maximum,  2380.  These  figures 
merely  represent  the  distances  fix)m  the  lower  to  the  upper  ooalnseam,  or 
ftom.  A  to  N.  The  unproductive  measures  above  N  may  vary  from  300 
to  1000  feet,  according  to  location  and  situation. 


SWATARA  DISTRICT. 


In  proceeding  westward,  we  shall  briefly  notice  a  few  of  the  chief  or  dis- 
tinguishing formations,  and  shall  not  reiterate  that  which  we  have  already 
stated  concerning  the  seams  and  their  peculiarities,  since  there  is  a  general 
aameness  of  the  measures  from  Pottsville  to  Tremont,  and  the  number  of 
iMsins  there  is,  perhaps,  not  less  than  between  the  Mine  Hill  and  the  Sharp 


Fio.  01. 


TRANSVERSE  SECTION  AT  SWATARA. 


Mountain,  as  figure  91  partially  illustrates.  Three  basins  are  represented, 
looking  west.  The  right  of  the  view  is  along  the  line  of  the  Mine  Hill 
range,  and  the  two  northern  basins  may  be  considered  as  in  it.    To  the 
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south  of  these  there  are  three  basins,  part  of  one  only  being  represented 
which  divides  this  i)ortion  of  the  field  into  five  basins. 

The  first  basin,  counting  from  the  south,  or  the  Sharp  Mountain,  is  8 
continuation  of  the  Pottsville  axis;  and  it  is  prolmble  that  the  remaining 
basins  arc  parallel  axes,  starting  out  from  the  same  point,  though  subject 
to  many  changes  and  modifications  between  the  points,  such  as  the  "shift- 
ing'' of  the  anticlinals  from  right  to  left,  and  vice  verad,  and  the  elcvatiim 
and  depression  of  the  synclinals,  as  explained  in  the  case  of  the  first  basin, 
south  of  the  Mine  Hill.  Beyond  this  point  the  axes  divide,  the  north 
anticlinals  turning  northwest,  the  south  axes  pursuing  their  course  with- 
out much  change.  This  deflection  soon  accomplishes  a  division  of  the 
field,  and  forms  the  north  and  south  forks,  formerly  described. 

The  first  basin  south  of  the  Mine  Hill,  which  we  partially  represent  in 
figure  91,  continues  into  and  throughout  the  Lykens  Valley,  or  North 
Fork ;  and  the  same  may  be  said  of  the  second  or  middle  basin.  But  at 
or  near  this  point  a  new  biisin  commences,  which  widens  and  undulates  in 
minor  rolls  wcstwanl,  until  it  terminates  in  a  short  point  between  the  forks. 
The  south  basin,  as  already  observe<l,  forms  the  South  or  Dauphin  Fork, 
which  is  a  single  basin;  while  the  north  is  a  double  basin,  as  intimated  bf 
a  continuation  of  the  two  basins  before  mentioned.  A  third  basin  is,  how- 
ever, develoi>ed  at  Bear  Gap;  but  where  this  commences  we  have  been 
unable  to  ascertain. 

The  two  small  north  basins,  containing  the  "seven-foot"  as  the  upper 
seam,  terminate  a  short  distance  west  of  Swatara  Falls.  The  veins  aw 
here  found  in  their  places  uniformly,  as  shown  by  the  letters;  but  weaie 
not  informed  whether  all  the  lower  beds  have  been  developed.  CoL 
D.  Percy  Brown,  who  furnished  the  data  for  this  section,  had  not  made 
any  developments  below  the  Skidmore.  We  are  informed,  however,  that  B 
exists  a  short  distance  to  Flic  east,  at  the  Forestville  mines,  and  there- 
fore assume  that  it  must  exist  here.  A  clear  statement  is  given  of  the  aeane 
from  D  to  J. 

The  Skidmore  is  here  6  feet  thick,  and  lies  about  50  feet  below  the 
Mammoth.  The  Mammoth  itself  is  divided  by  45  feet  of  slate  and  sand- 
stone,— the  lower  bed  being  6  feet  thick,  and  the  upper  bed  16  feet;  while 
its  satellite,  the  "seven-foot,"  is  40  feet  above  the  upper  bed,  and  is  abort 
seven  feet  in  thickness.  The  Holmes  and  Primrose,  or  F  and  G,  are  in 
their  proper  positions;  the  Primrose  being  145  yards  in  horizontal  diatiDoe 
across  the  measures — ^which  dip  at  45° — ^from  the  lower  bed  of  £,  or  the 
Mammoth. 

The  Orchards  H  and  L,  and  the  Diamond  J,  are  found  "  in  plaoef 
above  G ;  but  these  appear  to  be  the  highest  seams  in  this  basin.  The  tfO 
southern  basins  probably  contain  the  Tracys,  or  K  and  L,  at  this  pointy  • 
the  highest  beds  of  workable  coal. 
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A  gradual  thinning  process  appears  to  take  place  in  the  seams  south  of 
Pottsville,  while  the  Mammoth  permanently  di  vides^  and  forms  three  distinct 
seams.  At  Tamaqua^  and  east  of  that  pointy  the  seven-feet  seam  does  not 
make  its  appearance;  but  a  short  distance  west  a  thin  scam  starts  off  from 
the  Mammoth  and  forms  an  independent  bed,  which  never  again  unites 
with  the  Mammoth.  At  Mount  Lafiee  another  split  of  the  Mammoth  takes 
plaoe^  which  widjens  in  its  westward  course  until^  at  Swatara,  as  we  have 
just  mentioned,  they  are  45  feet  apart.  Thus  this  great  bed  forms  three 
separate  and  distinct  seams  as  it  goes  west;  and  these  undoubtedly  continue 
through  the  Western  bituminous  coal-fields.  We  have  reason  to  believe 
that  both  C  and  D  depreciate  westward,  as  all  our  sections  indicate,  and 
that  they  are  small  and  insignificant  scams  at  Broad  Top,  and  perhaps 
obsolete  in  some  of  the  Western  fields;  and  we  have,  likewise,  evidence 
that  B  divides  in  the  same  manner  as  E,  and  forms  two  distinct  seams  in 
its  west^vard  course, — wliich,  we  think,  can  be  distinctly  recognized  in  many 
ports  of  the  bituminous  regions.  It  is  a  very  significant  fact  that  all  the 
lower  seams  in  the  Alleghany  coal-fields  exist  in  pairs,  or  double  beds, — 
which  sustains  our  theory  that  the  Mammoth  and  all  the  white-ash  coals, 
strictly  speaking,  of  the  anthracite  regions  lie  below  the  Mahanoy  sand- 
itone,  and  the  barren  measures  of  the  Western  coal-fields.  The  Twin 
Beams  of  Kentucky  are  on  the  same  horizon  with  B  here,  which  is  always, 
or  with  rare  exceptions,  a  twin  seam. 

The  same  comparison  or  analogy  holds  good  in  the  Middle  anthracite 
r^on,  taking  the  Lehigh  basins  as  the  eastern  starting-point,  where  the 
Mammoth  is  a  single  bed  of  from  25  to  35  feet  in  thickness;  but  in  the 
Mahanoy  region  it  throws  off  the  "seven-feet,'^ — at  first  small,  but  increasing 
westA^ard  to  a  maximum  of  10  feet.  Westward  of  the  Locust  dividing 
ridge  the  Mammoth  again  divides  and  forms  the  "Twin  veins,"  at  first 
with  only  a  few  feet  of  dividing  slate;  but  before  it  reaches  the  western 
termination  of  the  Shamokin  region,  at  Trevorton,  those  seams  are  divided 
by  a  hundred  feet  or  more  of  measures,  and  are  considered  as  distinct 
seams. 

In  the  Wyoming  region  we  do  not  recognize  the  Mammoth  at  the 
western  extremity  of  the  region.  It  does  not  exist.  But  there,  as  here,  the 
scams  divide,  in  the  vicinity  of  Nanticoke,  and  form  separate  beds  from 
that  point  westward. 

In  the  Broad  Top  region,  which  lies  almost  in  a  direct  west  course  from 
the  Wyoming  field,  we  cannot  recognize  the  Mammoth,  or  reconcile  the 
geams  to  our  central  formations  in  the  anthracite  regions ;  but  there  is  no 
difficulty  if  we  take  our  western  divisions  as  a  guide,  and  seek  only  for  the 
larger  scams,  since  the  smaller  ones  depreciate  to  mere  leaders  or  streaks, 
iind  eventually  disappear  entirely.  But  in  the  Broad  Top  field  we  find  the 
representation  of  every  seam  which  we  find  here,  with  the  exception  of  the 
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'^  seven-teet/'  which^  however,  entirely  disappears  before  reachii^  tlie 
western  end  of  the  anthracite  fields  in  the  Middle  ooal-field,  and  does  not 
appear  in  the  Northern,  or  Wyoming,  field. 


Section  of  Broad  Top  Meamtre, 


^lahanoy  sandstone,  &c 150 

Coal,  E,  Mammoth  or  Freeport 5 

Slates,  &c 60 

Coal,  E,  Mammoth  or  Freeport 7 

Slates,  &c 30 

Iron  ore 1 

Coal,D 1 

Slates,  &c 50 

Coal,C 1 

Slates,  &o 10 


Coal,  B,  Buck  Moantain 5 

Slates,  sandstones,  &c 35 

Coal,  Leader 1 

Slates,  &c 30 

Coal,  B,  Back  Moantain  or  Lower 

Bed 7 

Sandstones,  slates,  &c 36 

Coal,*  A 1 

Slates,  &c 30 

Conglomerate 100 


NORTH,  OR  LYEENS  VALLEY,  FORK. 

Passing  west  of  Tremont  and  entering  the  basin  of  the  North  Fork,  or 
Bear  Yallej^  we  soon  lose  all  traces  of  the  npper  or  red-ash  seams;  and 
the  lower,  or  white-ash,  also  terminate  with  the  measures  in  which  thej 
exist,  as  thej  sucoessively  rise  to  the  sur&ce.  As  we  have  stated,  all  our 
coal-fields  exist  as  long,  narrow  troughs,  with  their  extremities  risings  like 
the  ends  of  a  canoe,  to  a  point  at  the  surface,  as  plainly  illnstrated  in 
figure  22,  representing  the  east-and-wcst  undulations  of  the  Wjoming 
basins.  While  the  central  portions  of  the  field  contain  15  seams,  the  ex- 
tremities contain  but  one;  and  while  the  lowest  bod  at  Pottsville  majk 
3000  feet  deep,  the  lowest  on  the  end  of  Short  Mountain,  west  of  Wicwi* 
isco,  may  not  be  over  20  to  30  feet. 

The  Gate  vein,  M,  may  be  near  the  surfiu)e  east  of  New  Philadel]^ 

Pia.  92. 


PUN  OF  OUTCROPS. 


and  west  of  Swatara,  but  it  ends  near  those  points  and  trav^ses  less  tlm 


*  This  Beam  i«  more  frequeatly  found  in  the  conglomerate  than  aboTa  iL 
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lalf  the  length  of  the  field;  and  between  these  pointe  and  the  oactreniitieB 
U  the  onderlying  seams  come  to  day,  or  outcrop.  This  may  be  illustrated 
aore  clearly  by  the  small  diagram,  figure  92.  The  practical — ^those 
uniliar  with  oar  coal  formations — ^¥^11  not  reqnire  the  aid  of  this  figore 
0  comprehend  oar  description ;  bat  there  are  many  who  will  reqoire  the  aid 
f  this  plan,  whidi  shows  veiy  plainly  why  there  are  more  coal-seams  in 
be  centre  than  at  the  extremities  of  the  basins. 

This  illustration  does  not  merely  rq>reBent  the  outcrops  of  the  seams 
a  the  north  or  Lykens  Valley  arm  of  the  Southern  coal-field,  but  is  a 
;eneral  plan  of  the  terminations  and  outcrops  of  the  coal-seams  in  each 
lasin.  We  have  not  given  the  parallel  basins  in  each  field  as  they  exist 
ide  by  side.  It  would  be  a  mere  repetition,  and  would  tend  to  conftise 
mtfaer  than  to  instruct.  We  should  be  glad  to  see  a  correct  representa- 
ion  of  the  position  and  outcrops  of  the  respective  basins  in  the  First,  or 
hmthem,  coal-field,  for  we  confess  ourselves  unable  to  construct  one. 
[n  &ctj  we  know  it  to  be  impossible  under  present  developments.  An 
deal  plan  might  be  constructed,  representing  the  general  features  and 
^ups  of  the  Southern  basins;  but  it  would  only  be  understood  by  those 
practically  familiar  with  the  peculiarities  of  the  anthracite  formations. 
We  may,  however,  convey  a  feint  impression  by  comparing  the  basins  in 
he  First,  or  Southern,  anthracite  field  to  a  fleet  of  Indian  canoes  laid  side 
yy  aide  in  a  narrow  stream.  But  some  of  these  canoes  should  be  very  long 
lad  narrow,  and  others  very  short  and  comparatively  wide;  and,  to  complete 
he  comparison,  while  they  should  lie  seven  or  eight  abreast  in  the  centre, 
iwo  should  lie  at  the  west  end  of  the  fleet,  wide  asunder,  and  only  one  at 
he  east  end. 

The  proportions  in  figure  92  are  not  correctly  drawn,  but  it  would  be 
mpossible  to  represent  the  formation  on  a  natural  or  uniform  scale.  While 
iie  basin  thus  represented  is  not  less  than  70  miles  long,  it  is  only  from  a 
!]alf-mile  to  a  mile  in  breadth, — taking  the  first  basin  of  the  first  coal- 
5eld  for  instance, — and  only  3000  feet  deep,  assuming  their  centres  to  be 
from  0  to  0  in  the  vicinity  of  Pottsville. 

We  have  thus,  perhaps,  digressed  from  the  subject  under  discussion,  but 
bave,  we  hope,  conveyed  a  good  idea  of  the  general  character  of  those 
terminating  basins;  and  we  shall  not  be  required  to  state  further  why  there 
ire  only  two  or  three  workable  seams  at  Wiconisco  and  fifteen  at  Potts- 
rille. 

The  Bear  Valley  seems  to  be  a  double  basin,  but  in  reality  the  measures 
sontain  three  basins;  they  are  not,  however,  all  in  Bear  Valley.  In  fiict, 
in  Bear  Gap,  at  Wiconisco,  only  one  basin  is  shown  in  the  valley;  while 
the  other  two  basins  arc,  in  a  numner,  under  the  mountains, — ^the  south 
basin  being  under  the  soutlicrn  base  of  Big  Lick  Mountain,  and  the 
lorthem  basin  being  at  or  near  the  north  base  of  Short  Mountain. 
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We  are  aware  the  miners  of  Wiconisco  think  difierently,  and  are  onds 
the  impression  that  their  coal-seams  ore  below  the.  ecmglomeraU,  forming  a 
single  haain  from  north  to  south  under  the  valley  and  under  both  moon' 
tains.  But,  if  nich  is  the  case,  all  we  have  written  is  wrong,  all  oar  geology 
is  at  fault,  and  science  has  blundered  seriously  in  the  anthracite  regions. 

Any  one  femilior  with  our  inverted  dips  and  the  peculiaritiea  of  the 
Shenandoah  City,  Coalcastle,  Sharp  Mountain,  and  other  local  irr^olan- 
ties,  will  comprehend  at  a  gladce  the  Wiconiseo  formation.  There  is  no 
place,  however,  in  the  anthracite  coel-rcgions  so  perplexing  as  this  to  tin 
mere  local  observer :  the  more  he  investigates,  the  more  will  he  be  perplexed 
and  mystified. 

We  have  attempted  to  give  an  illustration  in  %ure  93;  but  it  is  veiy 
difficult  to  convey  a  good  impression  of  this  singularly-contorted  atmta  b^ 
word  or  design.  If  we  are  correct, — and  we  think  there  can  be  no  donbt 
of  it,  for  no  other  explanation  is  aN-ailable, — the  strata  here  are  more 
inverted  tlian  at  any  other  locality  in  the  anthracite  regions,  and  much  like 
some  of  the  inverted  dips  of  the  Blue  Ridge  formations  in  Viiginia,  or  the 
gneisaic  strata  at  many  points  along  the  Atlantic  slopes. 


We  do  not  pretend  to  give  an  exact  delineation  in  figure  93,  nor  ii  H 
drawn  to  a  correct  and  uniform  scale;  but  we  believe  it  to  be  generally  a 
fair  section  across  the  coal  formations  of  the  North  Fork  at  Bear  Gap. 

We  would,  however,  call  attention  to  one  error,  which  has  escaped  our 
notice  until  too  late  to  remedy  it.  The  red  shale  ought  to  be  represented 
between  the  conglomerates  of  the  north  and  middle  basins,  where  tlia 
thickness  of  this  roek  is,  in  consequence  of  this  omission,  much  greater  in 
appearance  than  it  really  is.  We  may  also  state  that  the  lines  drawn  near 
the  mouth  of  the  tunnel,  sonth  of  the  middle  basin,  should  repres^it  o(Ui> 
glomerate.  With  this  explanation,  the  formation  justifies,  and  the  whole 
will  appear  plain. 

This  arm  of  the  coal-field  appears  to  have  been  originally  a  wide  and 
rather  shallow  formation,  containing  three  distinct  basins:  the  middle  one 
being  smaller  and  much  shallower  than  the  outside  basins.  The  procesi 
of  contraction,  while  it  forced  those  basins  closer  together  and  elevried 
their  edges,  did  not  depress  their  centres,  but,  on  the  contnuy,  elevated  the 
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whole  masB,  and^  of  course^  aflected  the  middle  basin  lees  than  the  deeper 
and  longer  outside  basins. 

The  mines  at  Wioonisco  are  not  deep;  thongh  we  believe  one  slope  is  600 
feet  long.  Onr  notes  say  300  feet;  but  our  impression  is  that  one  of  the 
slopes  is  of  the  above  length,  on  an  angle  of  about  26^.  How  far  it  may 
be  to  the  bottom  of  this,  the  south  or  left-hand  basin,  we  cannot  say,  bnt 
presume  it  cannot  be  less  than  1500  feet.  The  miners  and  engineers  of  this 
place  believe  it  to  extend  under  the  entire  section,  as  shown  by  the  dotted 
line.  There  are  three  seams  in  those  basins,  but  only  two  are  considered 
workable:  their  dimensions  are  respectively  6  and  11  feet.  The  coal  is 
redrcishy — ^which  proves  them  to  be  the  lower  beds;  and  we  doubt  not  both 
belong  to  B,  or  the  Buck  Mountain  bed,  in  its  divided  condition.  This 
seam  is  always  a  red-ash  in  the  anthracite  r^ons,  and,  we  understand, 
sometimes  also  in  the  bituminous  fields;  while  the  seams  above  B  and 
below  6  are  white-ash,  and  all  above  G,  and  sometimes  inclusive  of  G,  are 
red-ash,— or  there  are  10  red-^ash  scams  and  only  5  white-ash  beds;  but, 
nevertheless,  there  is  perhaps  more  white-ash  than  red-ash  coal,  on  account 
of  the  greater  thickness  of  the  Mammoth  and  the  greater  extent  of  the 
white-ash  than  the  red-ash  area,  as  may  be  noticed  in  figure  92,  excepting 
the  lower  red-ash  seams  IR  and  A,  which  occupy  still  larger  areas. 


THE  SOUTH,  OR  DAUPHIN,  FORK. 

This  fork,  or  arm,  of  the  Southern  coal-field  is  a  long,  deep,  narrow, 
and  single  basin,  being  a  continuation  of  the  First,  or  Pottsville,  basin, 
parallel  with  the  Sharp  Mountain,  which  forms  its  southern  margin.  The 
peculiarities  of  this  basin,  as  we  noticed  them  in  the  Pottsville  district  and 
as  illustrated  in  figure  74,  pursue  it  to  the  end 

Fia.  94. 


SECTION  AT  BLACK  SPRING  GAP  ACROSS  THE  DAUPHIN  FORK. 

Figure  94  is  from  R.  C.  Taylor's  Statistics  of  Coal,  and  represents  a 
section  from  the  Sharp  Mountain  on  the  left,  to  the  fourth,  or  Red  Moun- 
tain on  the  right.  Mr.  Taylor  was  quite  familiar  with  this  portion  of  the 
coal-field.  He  spent  much  time,  under  the  Dauphin  &  Susquehanna 
Cool  Company,  in  its  investigation.  We  differ  very  much  from  Taylor  in 
our  sectioDS  generally,  simply  because  we  have  availed  ourselves  of  late 
developments.  He  wrote  at  an  early  day,  without  the  light  we  now  have, 
and  we  can  only  express  our  surprise  and  admiration  at  his  general  cor- 
rectness.   In  the  present  instance  there  is  little  to  add,  with  the  exception 
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of  late  developments  in  tonnellmg  across  the  basin,  in  which  the  oompany 
have  discovered  several  seams  not  laid  down  in  section  94. 

We  find  here  no  deviation  firom  the  general  order  of  the  seamsy  except 
that  the  lower  beds  are  split:  the  Buck  Mountain^  or  B,  forms  two,  and 
the  Mammoth  forms  two,  or  perhaps  three.  But,  as  before  mentioned, 
there  are  more  seams  developed  since  the  late  Mr,  Taylor  formed  the  fore- 
going section,  and  twelve  seams  are  now  proved,  which  will  include  the 
measures  from  A  to  G  or  H.  But  in  all  probability  G  is  the  highest 
workable  seam,  and  is  cut  in  the  Yellow  Spring  tunnel  at  its  lowest  or 
synclinal  axis,  where  the  seam  stands  like  a  V ,  and  is  cut  through  its  biue^ 
which  is  40  feet  thick.  We  must,  therefore,  conclude  that,  if  the  measures 
hold  their  average  thickness,  the  depth  of  the  basin  is  between  700  and 
800  feet  below  the  level  of  this  tunnel. 

We  have  before  noticed  the  change  from  anthracite  to  bituminous  coal 
in  those  fields;  but  no  definite  point  has  been  fixed  where  the  change  com- 
mences. It  has  been  often  said  that  the  anthracite  coals  depreciate  in 
hardness  from  the  Lehigh  westward;  but,  though  we  have  paid  man 
attention  to  this  matter  than  any  one  else,  it  has  not  appeared  peroeptibk 
to  us.  We  find  the  white-ash  coals  of  the  Pottsville  district  as  liard| 
dense,  and  firm  as  those  of  the  Lehigh,  and  there  is  little  peroeptibk 
change  this  side  of  Swatara.  We  do  not  find  the  tendency  to  change  fbllj 
developed  until  we  reach  the  forks  of  the  basin,  and  in  these  it  is  marked 
and  rapid,  and  the  western  half  of  the  Dauphin  Fork  is  a  fhll  aemi-Iuta- 
minous;  while  the  Short  Mountain  coals  may  be  termed  a  semi-anthiadte^ 
or  a  grade  between. 

There  is  no  comparison  to  be  made  between  the  eastern  coals  and  the 
red-ash  of  the  central  portions  of  the  field,  because  these  seams  do  not 
exist  at  either  its  eastern  or  western  end,  and  all  the  red-ash  coals  that 
may  be  found  at  these  extremities  belong  to  the  lower  red-ash  beds,— * 
generally  A  and  B. 

The  red-ash  seams  produce  much  sofl  and  crumbling  coal,  and  the  con- 
sequence has  been  that  all  the  coals  of  the  central  portions  of  the  field  have 
been  pronounced  depreciated  in  hardness;  while,  on  the  contrary,  the 
white-ash  coals  of  the  Mammoth  are  as  hard,  dense,  and  solid  at  the  base 
of  the  Mine  Hill  as  the  Locust  Mountain. 

As  a  matter  of  interest,  we  may  speculate  on  the  probable  breadth 
originally  of  the  Southern  coal-field,  or  how  much  it  has  been  contracted. 
If  we  calculate  the  depth  of  the  basins,  their  present  angles,  and  probable 
ancient  undulations,  we  will  find  in  nearly  all  cases  a  contraction  of  nearlj, 
if  not  fully,  one-half:  therefore,  where  the  Southern  coal-field  is  now  6 
miles  wide,  it  was,  in  all  probability,  originally  10  miles  wide.  But  this 
rule  will  not  hold  good  in  any  but  the  First  coal-field  generally^  and  the 
Mahanoy  portion  of  the  Middle  coal-field. 


BBOAD  MOUNTAIN   BABFNB,  ETC 


CHAPTER   XIII. 

BKOAD   MOUNTAIN   BASINS,  ETC.  ETC. 

lt«r  of  (be  Broad  Mountain  Basin — Minor  Bolls — Transverse  Seclion  of  the  Basin — 
deal  SectioD^ — ^Mammoth  Bed^PonauiiDn  of  Coal — Depth  of  Coftl-BiiBiiiB—StaleiiiciiU 
•mposiiioBs  in  regard  lo  Iho  Formnfion  of  Coal — Skiilmore — Gamma — Buck  Moun- 
— The  Lower  Coal-Beila — Lienlily  of  the  Coal-Seoroa — Vertical  Seclions  comiiateil — 
dng  the  Coal-Beila  lo  Ibe  Bituminous  Fields — Sullivan  Counly  Formatiuna — Produo' 
of  the  First  Coal-Bleld. 

E  have  now  briefly  described  and  illustrated  the  prominent  anthraate 
lelds  and  their  principal  basins;  and  thoagh  we  have  not  attempted  to 

tbeir  axes,  since  we  Ijelieve  it  to  be  impracticable,  we  have  given  a 
K  and  pradicnl  illustration  of  each  important  division  and  district  aa 
Shlly  and  correotly  aa  present  developmenfa  will  admit  of;  and  we 

our  readers  will  find  instmctiou  and  pleneurc  in  the  details, 
e  have  not  written  merely  for  one  cluas  of  readers,  and  have,  therefore, 
led  scientific  antl  technical  phrases  where  plain,  common  words  would 
express  the  meaning,  so  aa  to  be  understood  by  the  general  reader, 
mow  it  to  be  a  difficult  matter  to  explain  to  tlie  onprofessional,  aitd 
I  not  &miliar  with  geology,  the  intricate  and  irregnlar  fbrmations  of 
tnthracite  coal  measures,  which  are  so  much  distorted  and  changed 

their  normal  conditions,  or  the  original  positions  in  whi(^  geology 
les  OS  they  must  have  been  formed.  But  when  such  descriptions  and 
uutiona  are  clothed  in  professional  terms,  and  when  tedinical  and 
tific  names  are  given  to  local  phenomena,  or  arbitrary  specialties  and 
mdatures  are  made  use  of,  such  accounts  become' unintelligible  to  the 
lary  reader,  and  are  only  comprehensible  to  the  professional  man  or 
todent 

le  little  coal-basin  which  we  have  now  before  us  for  examination  is 
ooet  simple  and  plain  and  yet  the  most  perfect  of  all  the  anthracite 
ations,  and  will  juBtify  a  more  than  ordinary  description.  It  illus- 
B,  we  think,  the  phenomena  of  the  anthracite  coal  &rmataana  nuoe 
'  dian  any  other  basin,  and  exists  as  nearly  in  its  normal  ox  ori^niJ 
ition  as  any  cotemporary  basin  of  the  anthradte  gronp. 

does  not  properly  belong  to  any  of  the  grand  divisimiB  of  tlie  antbra- 
fields,  but  is  a  distinct  and  separate  basin,  thoagh  it  oonneots,  in  a 
ner,  the  First  with  the  Middle  coal-field  by  the  high,  nndnlating  plateaa 
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of  conglomerate,  known  as  the  Broad  Mountain,  which  rises  &om  beneath 
the  Mine  Hill  boi^in,  forms  the  Twin  crests  of  the  Broad  Mountain,  with 
tlie  Jiroad  Mountain  basin  between  them,  and  then  descends  into  the 
Mahanoy  Valhy  beneath  the  coal  measures  of  the  Middle  coal-field. 

Owing  to  the  nearly  horizontal  strata  of  the  Broad  Mountain,  and 
perhaps  its  original  elevation  above  the  Schuylkill  and  Mahanoy  Vallejrs, 
this  portion  of  the  anthracite  formations  has  been  raised  by  the  forces  which 
contracted  and  depressed  the  flanking  or  parallel  valleys:  consequently, its 
strata  have  not  been  crushed  and  distorted,  as  the  measures  of  those  low, 
W(»ak,  and  yielding  basins  were.  We  find,  therefore,  much  the  same  result 
in  physical  api)oarancc  and  geological  structure  as  in  the  detached  Lehigh 
basins,  which  were  evidently  formations  of  a  similar  nature. 

The  ti^ndonoy,  however,  to  form  the  vertical  by  contraction  from  the 
Mouth  (though  the  fonvs  might  be  exerted  equally  from  the  north)  in  the 
north-dipping  strata  is  still  evident,  both  on  the  Broad  Mountain  aud 
ihn  I^'high  plaictuis, 

Tlicni  ar«*  a  lew  rare  cases  where  the  effects  of  contraction  are  more 
«tvidi«iit  in  tho  south  dii)s  than  tlie  north;  or  on  the  north  instead  of  the 
wiiilli  HidcM  of  |HVuliar  basins. 

<  )nn  (if  these  is  at  Coalcastle,  in  the  case  of  the  fiimous  ''Jugular^  baai 
nr  'SiviM'thnkW,''  and  another  may  be  found  in  the  Head  Mountain  baaioy 
on  tlut  luuftern  terminus  of  tlie  Middle  coal-field,  east  of  the  Catawiasi 
ItailiMiiul,  where  the  south  dip  is  nearly  vertical,  and  the  ooal  thkki 
ciruHluHl,  and  evidently  disturbed.  We  do  not  remember  another  instuoe 
of  this  character;  though  it  is  quite  iK)ssible  that  such  exist.  It  is,  how- 
iiver,  a  general  rule  throughout  the  anthracite  regions  for  the  north  dipB  to 
assume  a  steeper  angle  than  the  south-dipping  strata;  and,  as  stated  above^ 
nearly  all  the  2>erpendicukr  and  inverted  strata  are  on  the  south  side  of  the 
basins. 

We  may  mention  here  a  style  of  basin,  roll,  or  undulation  that  his 
merely  been  alluded  to  as  existing  within  the  principal  or  prominent 
IjasiuH,  but  which  we  have  not  discussed.  As  a  critical  mention  may  thnyf 
some  light  on  subjects  which  we  propose  to  illustrate  in  connection  with 
the  New  Boston  or  Broad  Mountain  basin,  we  may  here  appropriately 
notice  them. 

These  minor  rolls  or  basins  which  we  allude  to  generally  occur  oa  the 
long,  gentle  planes  of  the  south-dipping  strata,  in  which  they  are  small 
undulations.  They  occur  more  frequently  to^vards  the  outcrops  of  the 
ooal-seams  tlian  towards  the  centres  of  their  main  basins;  but  thqr  are 
<xxsisionally  found  in  the  centre  of  deep  basins  and  the  steep  aides  of  com- 
fiaratively  high  angles  of  dip;  but  in  all  such  cases  the  peculiarity  which 
wc  propose  to  make  a  specialty  almost  entirely  disappears :  we  allude  to 
tlie  enlargement  of  the  coal-seams  in  aU  these  minor  rolls  when  they  oocnr 
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in  gently  dipping  strata, — say  at  36°  and  below,  bat  more  particularly  about 
15°.  Fignre  96  will  illustrate  more  clearly  the  form  and  character  of 
these  minor  rolls. 

In  figore  95  we  have  given  six  illustrations  of  the  same  scam — for 
instance,  the  Primrose — on  dips  ranging  &om  6°  to  60°,  which  represent 


Fia.  96. 


generally  the  form  and  character  of  those  small  interior  or  subordinate 
basins  or  undulations  of  the  strata  on  the  south  dips,  and  their  consequent 
effects  on  the  coal-seams.  We  have  chosen  the  Primrose  because  it  is  a 
angle  and  regular  seam,  and  not  subject  to  the  frequent  and  extraordinary 
enlargements  of  the  Mammoth,  yet  subject,  as  we  represent,  to  frequent 
dianges  and  enlargements,  such  as  affect,  more  or  less,  all  the  seams  in  the 
anthracite  measures. 

Those  undulations  frc([uontly  liave  an  influence  on  the  overlying  and 
underlying  scams,  whero  the  waves  or  rolls  ore  of  sufficiently  great  extent; 
but  small  <le|»res!iions  do  not  so  much  affect  the  overlying  strata.  Sedi- 
mentary deposits  naturally  fill  the  depressions  faster  than  the  elevations, 
and  the  normal  condition  of  all  sctlimentary  strata  is  an  increased  thickness 
in  the  synclinal  and  a  decreased  thickness  in  the  anticlinal  axes  when 
subject  to  like  influences:  consequently,  the  small  depressions  become  fille<l 
to  the  general  horizon  of  the  surrounding  deposits. 

The  upper  section  at  6°  dip  in  figure  95  represents  some  of  the  undu- 
lations of  the  Primrose  above  water-level  in  Brown's  old  Oak  Hill 
colliery,  where  this  seam  makes  several  extensive  and  wave-like  rolls,  in- 
creasing and  decreasing  the  dimensions  of  the  coal  from  8  to  20  feet. 
These  extensive  waves  affect  the  Orchard,  which  lies  about  one  hundretl 
feet  abo^'c,  but  to  a  less  degree. 

The  second  section  illustrates  nearly  the  undulations  or  rolls  in  tlio 
Mammoth  and  Primrose,  on  the  Mammoth  Vein  Consolidated  Coal 
Company's  lands,  between  St.  Clair  and  Wadesville,  as  found  in  the 
Hickory  colliery,  formerly  operated  by  the  Messrs.  Milnes. 
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The  third  aecdoa  repreaeots  k  rare  ibrm  of  nndolation,  and  cme  diit 
bqtpens  more  frequently  near  the  outcrops  of  coal-eeama  than  od  thor 
r^iukr  dips.  It  is  fbond  od  the  outcrops  of  the  Orchard,  on  the  Oak  BJH 
tract,  and  at  aeveral  other  points  on  different  seams,  and  is  illostrated  oo 
a  lai^  scale  hy  the  undnlatioD  of  the  Mammoth  at  Wolf  Creek,  or  the 
eastern  point  of  the  Jugular  basin. 

The  fourth  section,  on  30°  of  dip,  is  umilar  to  a  roll  or  mlaiganeit  of 
the  Primrose  at  the  Warrenton  oollieiy  of  Messrs.  Miller  &  Maize  it 
Silver  Creek,  where  this  seam  appears  to  obtain  its  maximnm  size  in  40 
feet  of  thickness. 

The  fifth  and  sixth  forms  of  nndolation  are  sometimes  met  with  in  all 
the  anthracite  seame,  and  o&r  seiious  obstacles  in  the  vay  of  sinkii^ 
"  slopes."  Tbey  are  of  Tery  frequent  oocnrrenee  in  all  the  eastern  Virginia 
coal-fields,  aa  we  shall  notice  in  oar  description  of  those  formations. 

We  find  in  all  the  forgoing  minor  basins  an  enlargement  of  the  coal- 
seams  ;  but  in  all  dtep  hamnt  rather  a  decrease  than  an  increase  of  the  ooaL 
Yet  the  enlat^ment  is  not  confined  to  the  temporaiy  basins  on  the  angle 
of  dip,  or  towards  the  outcrop  of  gently  undulating  seams:  all  onr 
moderately  deep  or  medium  basins  present  the  same  fcatare,  as  in  tlie 
TSew  Boston  or  Broad  Mountain  basin,  and  in  all  the  medium  Lehigh 
basins.  We  therefore  accept  it  as  a  fact  that  the  coal-deposita  are  moe 
uniform,  and  are  in  their  maximum  dimensions,  when  formed  in  basins  ti 
medium  depth.  We  take  the  Broad  Mountain  basin  as  the  medium, 
and  will  illustrate  its  form,  dimenaons,  and  character,  before  ofieriif 


it  further  in  evidence  of  a  theory  advanced  in  the  early  chapters  k£  this 
work  on  the  formation  of  coal. 

This  is  a  small  but  uniform  basin,  containing  the  white-ash  beds  in  tbdr 
I  dimensions  and  in  their  most  perfect  condition.     Its  c 
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length  is  about  six  miles^  and  its  maximum  breadth  2000  feet.  It  is  3G() 
feet  deep  to  the  base  of  the  Mammoth,  730  teethe  Buck  Mountain,  or  B, 
and  86&  to  the  lowest  seam,  and  contains  six  workable  coal-beds,  with  an 
aggr^ate  thickness  of  107  feet  of  coal. 

The  **  Seven-feet*'  seam  is  the  upper  bed  in  this  basin,  and  lies  about  20 
feet  above  the  Mammoth,  which  ranges  from  60  to  80  feet  in  thickness. 
Seventy-five  feet  below  E  we  find  D,  or  the  Skidmore,  which  is  9  feet 
thick ;  and  62  feet  below  D  we  find  C,  which  is  6  feet  thick.  Below  tlieso 
200  feet  is  the  Buck  Mountain,  or  B,  18  feet  thick,  and  in  fine  condition. 
The  lower  workable  seam  is  A,  100  feet  below  B.  A  is  here  from  6  to  8 
feet  thick :  a  small  seam  exists  below  it,  in  the  conglomerate,  but  is  not 
ooDsidered  a  r^ular  or  permanent  bed. 

The  south  dips  of  this  basin  range  from  30°  to  35°,  and  the  north  dips 
about  70°.  It  would  thus  appear  that  even  this  basin  has  been  changed 
from  its  normal  condition ;  because  we  cannot  conceive  how  sedimentary 
strata  could  form  at  an  angle  so  steep  as  70°.  It  seems  to  be  an  impossi- 
bility. However  the  coal  may  have  been  formed,  the  overlying  strata 
most  have  been  deposited  as  sediment  in  water.  This  sediment  would 
not  be  deposited  uniformly  in  basins  having  high  angles  of  dip,  but  would 
acGamulate  much  more  rapidly  in  the  bottom  of  the  basin  than  on  its  steep 
sides,  particularly  if  they  dipped  at  an  angle  of  45°  or  over.  Therefore, 
88  we  find  but  little  difiPerence  between  the  thickness  of  the  strata  at 
right  angles  on  steep  and  even  inverted  dips  and  that  of  the  horizontal 
strata,  we  conclude  that  most  of  the  anthracite  basins  have  been  contractcil, 
dq)ressed,  or  elevated,  and  that  their  angles  of  dip  have  been  greatly 
iDcreased.  Where  the  strata  are  contorted,  we  almost  invariably  find  the 
coal  crushed  and  powdered ;  but  where  we  do  not  find  evidence  of  violent 
contractions,  or  where  the  coal  has  not  been  subjected  to  a  crushing  process, 
the  seams  are  not  injured  in  this  respect.  "Faults,"  however,  are  common 
in  all  formations ;  but  they  are  less  frequent  in  well-defined  planes  and  in 
onooth  and  regular  strata  than  in  twisted,  knotty,  and  rippled  sediment: 
these  irregularities  are  primal  faults,  and  not  the  efibcts  of  subsequent 
causes.  Goal,  however,  may  be  changed  by  other  causes  than  the  influ- 
ences of  contraction,  and  to  the  irregularities  in  coal  formations,  due  to 
snch  subsequent  causes  as  slips,  "up-throws,"  "down-throws,''  "crushed 
strata,^  inverted  measures,  &c.,  we  may  add  those  caused  by  heat,  trap 
dikes,  and  like  phenomena,  which  have  also  changed  the  normal  condition 
of  coal  by  exhausting  its  carbon  and  dividing  and  distorting  its  strata. 
"Primal  fiiults''  are  the  effects  of  original  causes.  These  causes  we  will 
not  attempt  to  explain  in  this  connection,  but  will  offer  instances  and  their 
inferences  in  a  future  chapter,  under  the  head  of  "  faults  and  irregularities :" 
—we  allnde  to  "rock  feults,"  "dirt  feults,"  "slate  faults,''  "bottom  and 
top  rollB/'  &C.  &o. 

18 


274 


THE  ASTOKACITE  OOAI/-nEU)S  OF  PEXSSVhViJSlX. 


VERTICAL  S^TIOX  BROAD  UOVSIUS  BASIN. 

Figure  97  rcprcseuts  a  section  through  the  centre  of  the  Broad  Moon- 
tain  or  New  BoetOD  biuin.     We  gave  the  thickDes 
Fio.  07.  (jf  jijg  at^ta  iy  ^  former  page  j  the  total  depth  is  860 

^^  feet;  and  this  depth  we  asDume  as  a  medium  ba«ii, 

A -^^^*r*  aud  the  most  fevorable  for  the  formation  of  coal,  ngt 

^  ^BHBfeA  merely  bccaoue  this  basin  presents  a  maximiua  thick- 
■pWJwH  ncss  of  coal-beds,  but  because  all  other  basins  of  dte 
same  dimensions  present  the  same  &vonible  condi- 
Uons.  We  may  instance  the  eastern  extremity  of  the 
Bouthern  coal-field  on  tlie  Lehigh,  particularly  the 
Summit  Hill  basin,  most  of  the  detached  liebigfa 
basins,  the  Mahanoy  basins,  and  the  Mine  Hill  ba^us. 
Otliers  might  be  brouglit  in  evidence;  but  these ue 
enough.  The  original  depth  of  those  basins  can  ooly 
be  found  from  the  number  of  seams  they  contain,  ukl 
all  those  in  which  die  upper  red-ash  coal  seams  ds 
not  exist  must  have  been  originally  oompatative^ 
shallow  bai-ins.  Their  present  depth  ia  not  a  mi 
criterion:  the  deiith  through  the  measures  does  oot 
offer  conclusive  evidence  of  original  depth,  since  tbt 
top  of  the  water  way  have  been  many  ieet  above  tk 
upper  measures. 

In  the  Pottsville  basin  the  water-line  may  have 
been  near  the  summit  of  the  Sharp  ModqIud; 
and,  though  we  have  good  reason  to  aay  that  tangi 
was  not  originally  as  elevated  as  at  present,  it  mot 
still  have  been  as  high  aa  the  Broad  Mountain  A 
that  time,  since  the  water  of  the  anthracite  ooal-fitMi 
must  have  had  a  general  level,  as  the  identical  aeuni 
must  have  had  a  cotcmporaneons  existence^  Thel^ 
fore  the  Pottsville  basin  may  have  been  more  tlM 
1000  feet  deeper  than  the  Broad  Mountain, — or  th 
difference  between  the  level  of  the  Mammoth  and  ibt 
"MolwrHogHT""  tWn'  Saudrock, — since  the  intervening  seams  were  formed 
after  the  Broad  Mountain  basin  had  been  SHel 
When  or  how  tliose  basins  were  depressed  or  elevated,  no  one  can  nf- 
The  coutractmg  forces  may  have  been  gradually  doing  their  work  duriif 
the  formation  of  coal,  as  we  should  infer;  but  their  most  violent  ^M 
were  exerted  subsequently,  as  the  crushed  and  inverted  strata  testify. 

We  offered  a  theory  on  the  formation  of  coal  in  the  early  chapten  J 
this  woi^,  and  we  think  die  formations  of  this  basin  offer  abandant  prorf 
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be  commonly  accepted  arborescent  T^;etation,  or  the  taarA  and 

leoriea,  are  iaoorrect  and  erroneous,  if  it  does 

■ove  onra  to  be  correct.    It  would  be  &r  beyond 

robabUity,  if  not  tbe  possibility,  for  tbe  slow 

h  of  bog  formation  to  form  the  grand  column  of 

ipresented  in  figure  98,  or  the  Mammoth  of  this 
According  to  the  slow  growth  of  bogs,  aa  de- 
id  vitbiu  the  last  five  hundred  years  in  Ireland 

Bewhere,  it  would  require  a  million  years  to  form 

i^niScent   bed   of   coal   here   illustrated;    and 

[ing  to  the  theory  of  arborescent  and  marsh 

ktion,  as    advocated  by  Profossor  Bogers  and 

,  it  would  not  only  require  an  equal  lapse  of 

to  produce  a  sufficient  growth,  but  it  would  be 

possibilify  for  any  land-growth  of  vegetation  to 

t  solid  bench  or  vein  of  coal  equal  to  the  12-foot 

of  this  great  bed.     It  would  require  a  thousand 

r  massed  and  packed  vegetation  to  form  this  13 

r  coal;  and  we  need  not  say  that  such  a  growth 

not  be  sustained  on  the  land  or  above  water. 

r^etation  capable  of  producing  such  a  vast  mass 

J  must  not  only  have  taken  root  in  the  depth  of 

usin,  and  grown  up  through  it,  but  the  successive 

hs  of  years  muBt  have  accumulated  and  settled  in 

Vs  have  no  doubt  that  the  increase  of  growth 

ta  the  surface  of  the  water,  but  that  yearly  in- 
receded  beneath  the  water  and  formed  the  mass, 

,  could  not  increase  in  any  other  manner  from 

e  vegetation.  But,  as  before  stated,  we  do  not 
the  theory  of  the  formation  of  coal  from  vegeta^ 

lone.     The  carbon  oils,  which  at  that  day  must 

been  in  excess,  particularly  in  the  coal  forma- 

were  perhaps  the  most  active  agent  in  preserving 

c^etation  and  in  increasing  and  cementing  its 

as  set  forth  at  large  in  the  early  chapters. 

it  petroleum  forms  bitumen  by  evaporation  and 

ent,  requires  no  proof  here;   it  is  a  fixed  and 

only  accepted  fact;   and   that  this  oil  was   the 

ct  of  this   era  and   cjiisted   in   profiision,  the 

Qse  bituminous  deposits  testify;   therefore,  it  is 

il  tliat  the  resulting  bitumen  should  unite  with     "««  bo9^o»,""ro*o*^ 

egetation   to  form   coal,  since  both  must  have  "oumtaih  msih. 

?d  in  the  same  basins  and  could  not  escape  contact     It  is  not  only 
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the  moHt  natural  process  that  can  be  suggested,  but  it  is  the  only  one  that 
can  i>c  reconciled  to  all  the  conditions  of  our  coal  formations. 

The  interruptions  to  the  continuous  growth  or  formation  of  ooal  are 
frequent  even  in  a  single  bed,  and  it  is  rare  to  find  more  than  5  or  6  feet 
of  a  solid  bench  that  is  not  intercalated  with  slate  or  some  evidence  of  a 
check  or  interruption  to  the  continuous  accumulation  of  the  bed.  In  figure 
98  we  find  one  bed  of  12  feet,  and  in  other  beds  illustiated  we  have  given 
nearly  equal  benches;  but  these  are  streaked  with  horizontal  divisions  or 
layerH,  giving  evidence  of  depression  and  change, — ^perhaps  marking  the 
jicriodH  of  subsidence  beneath  the  sur&ce  of  the  ^'ater. 

There  are  seven  principal  interruptions  or  divisions  in  the  Mammoth  at 
New  Boston,  niarking  the  eras  of  complete  submergence,  if  not  precipita- 
tion, since  the  strata  of  slate  indicate  an  interruption  to  the  formation  of 
coal,  and  a  deposit  of  argillaceous  or  arenaceous  matter.  In  this  respect, 
the  Mammoth  is  made  up  of  seven  distinct  seams;  but  these  dividing  slates 
are  not  only  liable  to  change,  to  increase  or  decrease,  in  the  same  basin,  and 
at  short  intervals,  but  they  do  not  appear  in  the  same  character  in  other 
basins. 

From  evidences  accumulated  from  various  sources,  and  the  fiicts  de- 
veloped by  our  examination  of  the  anthracite  and  bituminous  coal  forma- 
tions in  this  country  especially,  we  conclude: — 

!•  That  basins  of  1000  feet  are  the  best  and  most  favorable  condition  for 
the  growth  or  formation  of  coal,  and  that  the  largest  beds  are  formed  at  s 
depth  of  from  200  to  600  feet  from  the  surface. 

2.  That  the  coal  measures  were  originally  formed  in  gently  undulating 
basins  filled  with  water,  and  that  their  normal  condition  has  been  changed 
in  all  cases  of  high  angles  and  inverted  dips  by  contraction  of  the  earth's 
crust,  and  the  consequent  elevation  and  depression  of  the  axes. 

3.  That  coal  was  formed  in  water  bv  the  accumulation  of  carbon 
and  bitumen,  from  an  excessive  growth  of  vegetation  and  the  condensation 
resulting  from  the  evaporation  of  carbon  oils,  which  were  produced  in 
profusion  in  the  same  kusins  in  which  the  magnificent  vegetation  of  the 
coal  era  flourished ;  and,  consequently  the  contact  and  result  could  not  be 
avoided. 

4.  The  extraordinary  growth  or  formation  of  coal  in  the  anthracite 
regions  is  due  to  an  excess  of  naphtha  or  petroleum,  which  resulted  firom 
superior  heat  due  to  volcanic  influences ;  and  the  nature  of  the  coal  is  abo 
due  to  the  same  causes. 

We  have  thus  tersely  stated  propositions  which  we  believe  may  be  caHed 
fwA^y  and  which  we  tliink  will  stand  the  critical  investigations  of  the  prac- 
tical. Merely  scientific  inductions  have  had  no  influence  in  forming  these 
coiuilusions;  and  m'c  do  not  think  that  any  but  the  practical,  who  are  familiar 
with  existing  &cts,  can  properly  appreciate  a  subject  so  abetmse  and  obaooiei 
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We  lure  UUifblty  tried  to  elacidate  the  proposidous  at  Iftrge  io  another 
part  of  the  work,  and  only  briefly  allude  to  them  here  in  connectioD  with 
dteooal-bedtijtobring  the  subject  in  bolder  relief  before  the  mind,  £uttho8e 
irho  wonld  nnderstand  us  clearly,  and  who  wish  to  gain  a  comprehenaive 
knowledge  of  this  part  of  our  subject,  should  read  Chapter  IV. 

The  ^idmore  at  New  Beeton,  in  the  Broad  Mountain 
basin,  is  not  in  as  perfect  oonditicHi  as  the  Mammoth. 
It  is,  however,  as  good  as  this  seam  is  gen^^ly  ibohd, 
md  better  than  its  usual  condition  in  the  SouUiem  co«l<- 
Beld.  The  amount  of  good  coal  is  over  6  feet,  while 
that  represented  by  white  lines  in  this  case  is  bone, 
which  is  not  always  .a  serious  objection,  except  when 
the  bone  is  not  streaked  in  the  benches  of  coal.  A  mass 
of  hard  bone  or  slate  between  the  benches  can  always 
tie  removed  and  prevented  from  mingling  witli  the 
prepered  cool.  But  when  thin  streaks  of  bone  or  alate 
ue  intercalated  in  and  through  the  solid  benches,  it 
becomes  impoeuble  to  separate  them  from  the  prepared 
w  marketable  coal. 

The  thickness  of  D  is  9  feet  in  this  baafii,  which  is  over  its  average 
thickness,  but  leas  tJiau  its  maximum  thickness  in  the  Mahanoy  and  Lehigh 
bauns. 

C  ia  not  often  in  a  workable  condition,  and  seldom  as 
pore  as  we  find  it  here,  with  nearly  7  feet  of  m^dutntable 
oool,  divided  by  two  small  bone  partings.  In  the  Black 
Creek  basins  of  the  Lehigh  group  it  is  rather  larger,  but 
in  the  Beaver  Meadow  basin  it  has  not  been  developed. 

The  Buck  Mountain  bed,  or  B,  of  our  nomenclature, 
Aough  not  in  its  maximum  dimensions,  is  here  in  its  best 
ccmdition.  It  is  almost  a  solid  bed  of  coal,  18  feet  thick, 
with  a  few  unimportant  streaks  of  bone  and  slate.  In 
this  respect  it  does  not  much  resemble  its  celebrated  Bosro'il'N  »* 
ooonterpart  of  the  Buck  Mountain,  which  is  divided  by  a  J"^,"  "°"''*' 
massive  slate,  and  which  is  a  distinguishing  feature  of  this 
bed  wherever  found,  within  our  experience,  except  in  this  single  locality. 
There  cannot,  however,  be  any  mistake  in  regard  to  the  identity  of  the 
bed,  since  in  every  other  respect  it  is  a  perfect  counterpart  The  absence 
of  slate  in  this  coal  is  not  more  remarkable  tlian  i^  absence  in  the 
Mammoth  above  it,  and  can  only  be  attributed  to  the  general  and  extra- 
ordinary purity  of  the  coals  of  this  basin. 

The  lower  eeam  A  we  hove  not  made  the  subject  of  special  inquiry, 
but  we  understand  it  is  here  in  workable  condition,  and  from  6  to  8  feet 
in  thidcnesB, — which  is  its  maximum  dze. 


Fia.l(W. 
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The  Broad  Moiintam  coal   formatioo  extends  westward  of  the  "Stw 
Boston  basin  ;  but  hitherto  no  coal  has  been  developed 
Fia.  101.  in  a  workable  condition,  though  we   have   reason  to 

believe  it  exists. 


THE  LOVER  COAL-BEDS. 

The  existence  of  workable  beds  beneath  the  Abminodi 
and  Skidniorc  lias  lieen  denied  by  ^ome  of  our  promi- 
nent engineers,  ami  but  little  Ls  known  concerning  them 
br  the  miners  ot'  iSoliuylkill.  It  is  unsafe,  however,  to 
conclude  on  goiicnil  furmntions  from  local  csuaea  and 
e\*idence3.  Tiic^o  simply  familiar  with  the  fonnatiou 
east  of  the  Mine  Hill  might  readily  come  to  Boch  ft 
conclu.sion ;  but  a  general  knowledge  of  the  Bnthindte 
mca.'^urc^  must  convtm-c  any  practical  man,  desfnte  his 
prtjudices  to  the  contrary*.  But  though  the  Beams  do 
i.E«  eosioi  o»  not  Bii^umc  tbcir  best  condition  in  the  Schaylkill  di»- 

■Ai.».  trict,  they  arc  still  uuiformly  in  place,  as  oor  scctioo, 

figure  71),  satisfactorily  proves ;  while  our  eecdons  oiaA 
seam  prove  conclusively  their  existence  in  the  Schuylkill  district  and 
figure  71  shows  a  similar  formation  at  Tamarjua.  There  is  a  general  and 
constantly  var>-ing  ilitference  in  the  thickness  of  both  the  coal-aeams  and 
the  intervening  f^tmla ;  and,  in  onler  to  sliow  parallel  formations,  we  ban 
given  the  thickness  re»]>ectively  in  figures,  rather  than  form  tlie  sections  to 
a  uniform  scale. 

For  instance,  the  section  at  Scranton,  figure  2o,  containing  all  the  seomi 
below  J,  is  only  4oo  feet  in  vertical  height ;  while  the  column  at  Pottsvilli 
below  J,  or  the  Dlamnnil,  h  over  lOW  feet ;  but  we  have  made  them  alMOt 
the  same  dimensions,  in  order  to  jnstity  the  beds,  or  bring  the  Mammad 
as  a  lKL<c-linc  on  the  eamc  horizon,  and  wc  thus  offer  to  the  mind  and  tk 
eye  both  the  itlentity  and  the  relative  distances  and  dimensions. 

The  figures  we  have  given  are  not  generally  the  results  of  actual  measDR- 
nionts :  whenever  available,  we  have  given  the  exact  distances,  but  mot«  fie- 
quentiy  they  arc  approximate  measurements,  yet  near  enough  to  the  tnitli 
for  all  practical  purposes, 

^Ve  give  a  parallel  representation  of  the  columns  from  each  of  thepriixs- 
pal  coal-regions,  in  order  to  exhibit  the  general  uniformity  and  order  ii 
which  the  workable  or  prominent  seams  are  stratified,  and  to  prove  mm 
conclusively  this  identity.  It  brings  before  the  eye,  in  a  oompreheoHft 
manner,  the  formation  or  measures  of  each  district,  luid  the  order  in  whid 
the  l»e<ls  arc  stratified. 

Xlie  twelve  foregoing  sections  exhibit  more  unifonni^  and  orda  in  tk 
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authracite  formations  of  Pennsylvania  than  wc  had  anticipated  in  the  com- 
mencement of  this  work :  we  were  not  prepared  to  find  so  much  oonsisteDcy 
or  so  complete  an  identity  in  the  respective  seams,  though  we  have  been 
practically  familiar  with  the  anthracite  coal  measures  for  thirty  years;  and 
we  presume  our  practical  readers  will  be  surprised  to  find  so  mudi  order 
and  conformity,  when  local  formations  present  so  many  changes  and  fie- 
queiitly  so  much  confusion. 

We  have  not,  however,  formed  the  sections  at  fiiulty  or  difltiiil)ed 
localities,  but  have  invariably  sought  our  data  at  points  where  the 
measures  were  regular  and  consistent. 

Sections  might  be  formed  from  actual  developments  at  the  Lehigb 
terminus  of  the  first  coal-field,  at  Coalcastle  in  the  Mine  BQll  basin,  at 
Mahanoy  City,  at  Shenandoah  City,  at  Pittston,  and  many  other  placee, 
which  could  not  be  recognized  as  belonging  to  the  same  coal  measures. 
But  these  are  irregular  formations,  and  cannot  be  taken  as  types  even  of 
the  district  in  which  they  exist.  Figure  115  is  a  vertical  section  of  the 
Sullivan  county  (Pennsylvania)  semi-bituminous  basin,  which  represents  a 
point  between  the  anthracite  and  bituminous  fields.  It  is  the  most  eastcni 
of  the  Alleghany  formations,  and,  in  a  manner,  connects  the  two.  The 
Broad  Top  coal  does  not  belong  to  the  Alleghany  field,  and  is  more  in 
connection  with  the  anthracite  than  the  bituminous  fields,  as  fiur  as 
geological  affinities  affect  them. 


COAL-TRADE  OF  THE  FIRST,  OR  SOUTHERN,  ANTHRACITE  COAL-FIELD, 

FOR  1864. 


Lehigh  District. 

Duglas,  Skeer  &  Co.,  Room  Ran 

Mines 86,700 

Lehigh  Coal  &  Navigation  Com- 
pany, Old  Summit  Mines....  347,980 

E.  Jeffries  &  Co 12,031 

Lehigh  Coal  Company 25.124 

471,844 


Tamaqua  District, 

Greenwood  Coal  Company 56^4 

George  W.  Cole, 87,033 

Moss,  Wood  &  Co.,  on  Lehigh 
Coal  &  Navigation  Company's 

lands 34,685 

Ratcliffe  &  Rollston 22,3;S 

Johnson  &  Ormrod 19.43^ 

George  Brown 12.1-3 

Little  Schuylkill  Company 4.7^ 

187,010 


peoductio>'  or  the  rntsr  coAL-riELD. 


J^olttville  or 
'  k  Co,  (including  H. 

B,  agent,  46,921)...  207,903 

5il>lier 80,347 

ttb) 78,795 

y^D  ConBoUdated 

jqiany 145,845 

U-&  Co 37,838 

0hii3 84,558 

^ACo 82,841 

W  Company. e7,47fi 

^der 66,561 

■Da  Coal  Company.  63,923 

tan. 63,631 

Imao 45,317 

mJ  Company 42,530 

on 23,891 

nm. 34,830 

iken 28,780 

iler 28,101 

It 27,022 

on  Goal  Company. ,  25,535 

lutn 24,918 

OT&Co 23,157 

Diune 20,725 

illiam  Coal  Co. 

Robinson 


I  Coal  Company... 
l&Co 


Middle  DUtriett. 

Brought  forward,  1 

Duncnn  Coal  Coniptiny 

Potlsvillo  Alining  and  Manu- 
facturing Com  pa  ny 

Coneumora'  Mutual  Coal  Co.... 

J.  S.SemI 

John  Doiigberly. • 

Charles  Sa;lor 

Allan  Fisher 

John  Ralston 

Goodmun  Dolbin 

R,  Winlaet  k  Co 

J.  Buckley  &  Co 

£uGt  Mountain  Laffee  Coal  Co. 

Giifillan  &  Ganley 

Wm.  Dovey 

Richards  &  Fisher 

Wm.  Spencer,  agent 

Wm.  Littlehales 

Wella  &  Smith 

8illimaa&  Foster 

D.  Whitehouse 

W.  N.  Taylor  &  Co 

J.Sheard .*. 

PotUA  Snyder  (new) 

Broad  Mountain  Coal  Co 

Wm.  L.  Williams 

Job  Rich 

Sundry  smiill  shippers 


,403.565 
,  18,945 

18,152 
17,961 
17,290 
17,108 
16,293 
16,105 
15,417 
15,414 
11,666 
11,230 
9,643 
9,243 
8,720 
5,322 
4,745 
4,400 
3,942 
3,785 
3,027 
3,026 
2,991 
2,956 
2,917 


.  20,482 
.  20,114 
.  19,750 
.  19.(3114 
.^i\28G 
l,4ua,5ti5 


Pine  Grove  DittricL 

yHiel 32,844 

sler,  Miller  &  Co 19,691 

rt&Co 13,125 

n  &  Lomiaon 5,466 

Mountain  Coal  Company  (new) 232 

niUer.Graef&Co -144,784 

17,041 


Lylem»  VdSey  Dittrict. 
L  Mountain  Coal  Company  j  {  . 


..  68,021 

..  61.952 

129,078 


1  THE  ABTaBACITE  COAI^FIELDB  OT  PEBlUYLTAinA. 

Daiqthxn  DUtrieL 
Dauphin  &  SosqnehannA  GoalCompuif 146,669 

Rccapitvlatum. 

Lehigh,  or  EiBtern  Diatrict 471,844 

TamaTjua  District 187,010 

PottHville  or  Middle  DistrictB 1,677,557 

Pine  Grove  Diatrict 217,041 

Lykens  Valley  DiBtrict 129,973 

Dauphin  District 146.669 

Total  from  First  Cool-Ficld 2,920,094 
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CHAPTER   XIV. 

FAULTS,  IBBEGULARITIES,  AND  PECULIABITIES  IN  GOAL  ]BX>RMATI0N8. 

General  Form  of  the  Eastern  Strata — Depression  and  Contraction — The  Pottsville  Section, 
figflre  74 — The  Jugular  InTerted  Basin,  figure  76 — Shenandoah  City,  figare  64 — Wico- 
nisco,  figure  93 — Diamond  Mines  at  Hazleton,  figure  102 — Faults — Trap  Dikes — English 
Faults — Slip  Dikes — Change  of  Horizon — Saddles,  or  Horse-Backs — **  Troubles" — Rich- 
mond Coal-Field— Rock  Faults— Slate  Faults — Dirt  Faults— Black  Dirt  or  Outcrops. 

We  do  not  propose  to  confine  ourselves  exclusively  in  this  chapter  to 
the  anthracite  coal  measures;  but,  as  most  of  our  illustrations  have  especial 
reference  thereto^  and  as  most  of  our  subjects  will  be  in  connection  with 
the  anthracite  formations,  we  continue  the  chapter  under  the  head  of  the 
anthracite  coal-fields. 

We  have  never  seen  our  present  subject  illustrated  or  treated  in  books; 
and  perhaps  it  is  less  understood  than  any  other  phenomena  or  peculiarity 
in  the  lithological  structure  of  the  earth.  There  are  many  irregularities  and 
apparent  contradictions  in  geology,  of  which  we  shall  not  treat,  as  our 
special  attention  is  directed  to  the  coal  measures,  and  more  particularly 
those  of  the  anthracite  formations ;  but  we  find  in  the  details  before  us  a 
miniature  of  the  general  peculiarities  of  the  earth's  crust. 

GENERAL   FORM   OF   THE   EASTERN   PALAEOZOIC   STRATA. 

We  must  here  briefly  notice  the  general  configuration  of  the  Palseozoic 
s^ta  on  the  Atlantic  slopes,  in  order  to  present  clearly  the  contraction  and 
feliation  of  the  coal-strata,  in  conformity  with  tlie  formations  in  which  they 
^ist,  and  which  will  be  found  more  extensively  treated  in  Chapter  III. 

Most  of  the  north-dipping  strata  in  the  Blue  Ridge  and  parallel  moun- 
^n-ranges  are  either  vertical  or  inverted,  as  shown  in  figure  74,  in  the 
'^uth  basins  of  the  anthracite  measures,  exhibiting  this  peculiarity  from 
the  great  mountain-chains  down  to  the  mere  roll  in  the  coal  measures.  In 
^e  anthracite  regions,  this  system  of  inverted  or  elevated  strata  is  more 
Priced  and  peculiar  north  of  the  Great  Valley  limestone  formation  than 
^uthof  it;  but  farther  south,  in  the  mountains  of  Virginia  and  North 
^^lina,  it  embraces  a  wider  range,  and  extends  from  the  gneissic  rocks  to 
4e  coal  measures  of  the  Alleghanies.  But  there,  as  here,  the  undulations 
^  more  acute  to  the  east  than  the  west.  On  the  New  River,  in  Mont- 
gomery and  Pulaski  counties  in  Virginia,  as  will  be  shown  in  our  descrip- 
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tion  of  the  Xew  River  coal-field,  the  north-dipping  strata  are  inverted 
as  much  as  thev  are  at  Pottsville,  and  at  many  intervening  points  the 
same  inverted  feature  is  manifest,  clearly  demonstrating  the  &ct  that  the 
deep  inverted  basins  increasse  to  the  east  and  diminish  to  the  west,  along  the 
entire  Appalachian  chain  of  the  Atlantic  slopes  from  north  to  soath. 
Figure  74,  or  the  transverse  section  of  the  coal-basins  from  the  SbsTf 
Mountain  to  the  Mine  Hill  in  the  vicinity  of  Pottsville,  is  a  miniature 
section  of  the  foliation  from  the  Bine  Ridge  to  the  Alleghanies,  and 
exhibits  generally  the  progressive  increase  in  the  dip  of  the  strata  from 
west  to  east. 

As  ^ated  in  Chapter  III.,  this  peculiar  feature  of  the  eastern  finma- 
tions  is  due  first  to  volcanic  influences,  and  secondly  to  the  forces  of 
contraction.  Volcanic  vents  on  the  long  line  of  granite  coasts  first 
caurjcd  a  subsidence  or  depression  of  the  eastern  marginal  depth  of  the 
ancient  Ap][)alachian  Sea  (now  containing  the  Palaeozoic  strata  from  the 
Blue  Ri<lge  to  the  Rocky  Mountains),  and  formed  the  base  or  syndinil 
axis  of  the  deep  Southern  basins;  and  subsequently  the  forces  exerted  hf 
the  contraction  of  the  exterior  portions  of  the  earth's  crust  crashed  those 
basins  together  in  a  lateral  manner,  as  shown  by  figure  6  and  explained  in 
that  connection. 

We  can  readily  comprehend  that  the  sharp  axes  of  highly  inclining 
strata  would  be  the  weakest  point  under  those  lateral  forces,  on  the  suae 
principle  that  a  book  folds  or  hinges  on  its  back ;  and  since  those  wetk 
I>oints  existed  on  the  long  line  of  sea-coast,  or  volcanic  shores,  from  one 
end  of  the  Appalachian  cliain  to  the  other,  they  now  constitute  our  inverted 
axes  of  formation,  and  disc*lose  the  fiict  that  the  contractions  of  the  entire 
Appalachian  basin,  from  the  Blue  Ridge  to  the  Rocky  Mountains,  were 
concentrated  here,  or  along  tlie  weakest  line  of  the  crust-formations. 

In  figure  74,  as  above  stated,  will  be  found  a  miniature  representntioa 
of  this  general  contraction,  and  the  features  of  the  foliation  as  it  decreBiei 
from  east  to  west;  and  in  the  local  illustrations  will  be  found  simple 
repetitions  in  miniature  of  figure  74.  These  irregularities,  therefore, 
become  the  rule  instead  of  the  exception,  and  constitute  a  vast  system  of 
highly  foliated  strata,-— doubled  almost  as  acutely  as  the  folds  of  a  map 
or  a  handkerchief,  and  frequently  inverted  or  leaning  to  the  ^' wrong  side" 
of  the  axis. 

Figure  75,  illustrating  the  ''Jugular"  formation  at  Coalcastle,  is  perhaps 
as  correct  a  representation  as  could  be  given  of  this  inverted  feature  in  oar 
geological  formations.  We  can  only  account  for  it  on  the  principle  which 
we  have  advanced  as  governing  and  controlling  all  such  formations,  and 
as  many  of  our  practical  geologists  account  for  similar  foliations  in  the 
Alps  and  elsewhere. 

We  have  illustrated  this  feature  of  the  anthracite  coal  meaaoreB  pretty 
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fully  from  local  formations.  Figure  54  represeots  two  inverted  baains  at 
^enandoah  City,  in  the  Uahanoy  coal  region.  Tlie  engraving  doee  not 
fully  show  the  basins,  but  both  north  and  south  dips  appear  bs  south  dips 
in  the  same  bafiin.  Figure  93  is  a  repreeentatioQ  of  foliated  strata  at 
Wiconifico,  in  the  western  end  of  the  Lykens  Valley  fork  of  the  First, 
or  Southern,  coal-field.  It  exhibits  a  new  feature,  not  entirely  peculiar,  but 
(Hie  that  ia  rarely  developed  in  the  coal  meaauree.  The  inverted  strata  are 
here  developed  in  reverse  order,  and  the  whole  formation,  including  the 
eonglomerate,  is  shown  to  be  elevated  instead  of  depressed,  but  bent  and 
distorted,  evincing  the  effects  of  lateral  contraction  in  the  most  positive 
manner,  since  no  other  force  could  produce  the  some  effects. 

In  other  portions  of  this  work  we  have  made  frequent  allusions  to  tbeM 
inverted  formations,  particularly  in  reference  to  the  "Jugular  overthrow" 
at  Coalcastle,  and  promised  to  explain  them  Ailly.  We  think  this  promise 
has  been  fulfilled  in  connection  with  the  illustrations  as  they  appear  in 
order,  and  the  present  reference  to  the  same. 

The  engravings,  however,  explain  themselves  to  the  practical  mind,  and 
convey  a  better  impression  of  the  subject  than  can  be  obtained  from  the 
tut,  however  carefully  worded,  without  thor  assistance. 

If  we  have  stated  the  fiicts  clearly,  there  can  be  no  doubt  left  in 
r^ard  to  the  mythical  character  of  the  great  Jugular  humbug;  and  not 
only  will  that  matter  be  settled,  bat  all  inverted  dips  and  irregular  forma- 
tions in  the  anthracite  coal  measures  may  be  accounted  for  and  understood 
on  the  same  general  principle. 


COXTBACTION  AT  HAZLETON. 

One  of  the  most  singiilar  instances  of  in\ersion  of  strata,  or  the  effects 
of  contraction,  i^  found  at  the  bottom  of  the  Diamond  mines,  Hazleton. 
The  Hazleton  babin  contains  un  anticlinal  running  through  its  centre,  and, 


at  the  western  end,  at  least  two  of  these  axes.  At  the  Diamond  mines, 
near  the  town  of  Hazleton,  this  middle  axis  is  inverted,  as  shown  in  figure 
102,  The  "  Big  Vein"  is  folded  back  over  the  north  dip,  so  that  the 
bottom  slate  of  the  first  north  dip  becomes  the  top  elate  of  the  second  north 
dip  (really  a  south  dip  of  the  central  axis),  but  passing  over  the  sharp, 


THS  AirrHOACTTE  COAL-FIEXDS  OF  PESKSTLVASIA. 


2d8 

inverted  point  of  the  axia  or  fiaddic,  the  isecond  true  north,dip  a 
proper  position  and  condition.  Tliix  iihurp  Ibtding  of  the  strata  in  tbe 
Hasleton  basin  takes  place  nt  a  doj)tli  of  900  feet  vertical,  wlicrc  tiiu 
breadth  of  the  basin  la  2600  ieet  between  the  oatcrops  of  tbe  Maiumotb, 
and  where  tbe  general  dip  of  the  measures  i»  between  35°  and  -10°. 

It  is  very  evident  that  each  dould  not  have  l)ecu  tlic  normal  oooditioD 
of  the  bed,  since  no  ecdinientary  strata  could  have  l>ecu  formed  in  thi4 
inverted  manner.  It  must,  therefore,  have  resiiltetl  from  sulieequent  causw; 
and  since  we  can  find  no  cauMe  so  probable  an  tbe  natural  and  irrcdijitibii; 
tbrces  of  contraction,  we  conclude  such  to  have  lieen  tbe  power  which  hat 
contorted  and  crushed  not  only  tbe  anthracite  coal  measures,  but  the  loag, 
parallel  waves  of  inverted  strata  in  which  these  measures  exist,  from  tlic 
Blue  Ridge  to  the  Alleghanics. 

Though  the  instance  we  Imve  given  in  figure  102  is  peculiar,  it  is  not 
entirely  singular;  other  instances  of  the  same  kind  may  be  given;  but  we 
have  sclootcd  tlio  various  forms  of  contracted  strata  in  order  to  illustnie 
the  subject  fully,  and  as  shown  in  our  numerous  sections. 

Figure  70,  representing  this  peculiarity  in  the  Tamaqua  Shaft  collioj, 
is  tbe  nearest  approach  that  we  have  given  to  the  inversion  displayed  m 
figure  102. 

FAULia 

This  is  a  local  and  technical  name  given  to  the  Ginlt^  and  imperftft 
portions  of  the  anthracite  coal-beds  of  Pennsyhania,  as  "troubles," 
"hitches,"  "dikes,"  " borbcbacki,"  and  other  technical  phranes  are  locally 
used  to  denote  impurities  and  irregularities  in  the  coal-seams  of  other 
regions  and  countries 

The  faults  c'^i'-ting  in  the  anthraeitc  regions  are  peculiar  to  these  foma- 
tions,  or  to  the  long  line  of  iii\  trtcd  and  folded  stnta  whjf h  ocCTipy  oar 
Kastem  Palieozoic  coast-rango  In  the  anthncite  ficItU  faults  arc  bolii 
s  and  variable,  but  they  are  not  extcn^nc,  and  ne\  er  occupy  so* 


great  area  in  any  given  locality.  The  only  great  and  r^fularly-distuiW 
portion  is  the  inverted  and  crushed  strata  of  the  Slinrp  Mountain  «*! 
measures ;  but  even  there  a  coiisideniblc  portion  of  the  coal  is  nu'reliauLiblc. 
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The  chief  defisefc  is  the  crushed  and  shelly  condition  of  the  coal^  which  is 
lobject^  in  consequence^  to  much  waste. 

TRAP  DIKES. 

Figore  103  represents  the  general  form  and  effects  of  the  English  trap- 
dike  fiuiltSy  which  consist  of  lava  ejected  or  forced  from  the  molten  bowels 
of  the  earth  through  its  confining  crust  by  the  forces  of  cantrdction. 

The  cooling  and  contracting  process  which  the  rocky  crust  of  the  earth 
bas  undergone,  or  is  undergoing,  on  its  molten  and  uncontracting  core, 
natorally  produces  that  irresistible  effort  to  escape  which  we  see  exemplified 
in  dikes,  volcanoes,  &c.  In  England,  where  no  great  volcanic  peaks  exist, 
and  where  the  formations  are  uniform,  and,  consequently,  without  those 
peculiar  weak  points  which  yield  to  the  forces  of  contraction,  the  condensed 
lava  bursts  through  the  confining  orust  in  long  lines  of  trap,  which  are 
known  as  trap  dikes.  In  the  English  coal  measures  the  dikes  thus  formed 
bjr  the  lava  are  frequent.  They  occupy  long  parallel  lines  across  the  cool 
measures  and  through  the  adjoining  country,-^ilen  fi:om  sea  to  sea. 
These  trap  dikes  burst  through  the  strata  nearly  at  right  angles,  but  some- 
times lean  with  the  line  of  ^'cleavage.''  The  coal-seams  are  cut  and 
divided  by  the  lava,  and  frequently  one  portion  is  carried  upwards  by  the 
liftmg  power  of  the  molten  mass  until  the  connecting  points  are  several 
hundred  feet  ''out  of  place/'  as  in  the  instance  of  the  ''90-&thom  dike"  of 
the  Newcastle  coal-field. 

Thus  the  forces  of  contraction  are  exerted  according  to  the  geological 
character  of  the  country  or  district  in  which  they  occur.  In  Mexico  and 
olher  volcanic  countries  the  lava  escapes  through  volcanic  vents,  as  the 
earth's  crust  contracts  until  its  rocky  bands  are  forced  to  yield  to  that 
power  which  nothing  can  resist.  In  Chapter  IV.  we  stated  an  instance 
of  the  terrible  force  with  which  volcanic  lava  is  vented.  It  is  said  that 
Cotopaxi,  which  is  nearly  19,000  feet  high,  has  projected  lava  6000  feet 
above  its  summit,  and  that  it  once  threw  a  stone  109  cubic  yards  in 
Tolume  to  a  distance  of  nine  miles. 

In  the  United  States  we  find  the  forces  of  contraction  east  of  the  Rocky 
Mountains  exerted  on  the  foliated  and  yielding  strata  of  the  Atlantic  slopes ; 
while  west  of  the  Rocky  Mountains  we  find  it  vented  in  volcanic  eruptions, 
and  in  England  we  find  the  trap  dikes.  We  allude  to  the  exertion  of 
those  forces,  in  these  instances,  however,  since  the  formation  of  coal :  prior 
to  that  period,  volcanic  eruptions  were  general  in  all  sections. 

SLIP  DIKES. 

The  faults  of  the  English  coal-seams,  therefore,  are  quite  difierent 
in  fi)rm  and  character  firom  those  which  are  peculiar  to  our  anthracite 
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beds.     There  the  chief  or  predominating  feature  of  /(iitAv  in  ooal  i 

that  of  trap  dikes  and  "  slip  dikes/^  which  affect  the  seams  extenuvd^ 

and  seriously  by  ^Hifling'^  or  changing  the  horizons  of  the  strata  abovi 

their  proper  connections.     Thus^  we  find  in  the  Newcastle  district  a  grea 

many  fiiults  of  this  character^  where    the   seams   are  disconnected  oi 

lifted  one  above  the  other,  as  shown  in   figure  104,  which,  however 

was  not  designed  to  illustrate   the   English  ^^slip  dikeSy'^  but  rathei 

the  local  slips  in  the  anthracite  fields.    It  represents;  notwithstanding,  thi 

English  crust-movements  or  slip  dikes, — ^the  result  of  the  trap  dikes  oi 

their  causes. 

Fio.  104. 


i^^M^^^yS':'^^^:^:^^^ 


SLIP  DIKE. 


There  is  a  slight  error  in  the  mechanical  execution  of  ihe  above  illus- 
tration: the  oblique  line  of  the  slip  should  cross  the  measures  or  pass 
down  through  the  bottom  in  the  same  manner  as  the  top;  andtheslatf 
shown  under  the  upper  portion  of  the  seam  should  also  be  shown  unda 
the  lower  portion :  otherwise,  this  figure  represents  correctly  the  Englial 
slip  dikes.     But  there  those  slips,  like  the  trap  dikes,  affect  the  measom 
throughout;  while  here  the  slips,  as  shown  in  figure  104,  are  simply  local, 
and  may  or  may  not  affect  the  seams  above  and  below.    They  are  simplj 
moved  from  their  original  position  by  the  lateral  movements  of  the  cros^ 
instead  of  the  vertical,  as  in  the  British  coal-fields.    The  coal  in  the 
anthracite  fields,  when  moved  by  slips,  is  not  materially  injured,  except  if 
the  crushing  process,  which  simply  crumbles  it.     But  in  the  English 
coal-fields,  in  the  vicinity  of  the  trap  dikes,  the  coal  is  generally  either 
burned  to  a  cinder  or  completely  coked;  in  the  vicinity  of  the  slip  dikei^ 
however,  the  coal  is  simply  moved  fi:om  its  normal  condition  or  parted  in 
a  nearly  perpendicular  manner. 

There  are  exceptions  in  the  trap-dike  faults,  however,  where  the  coal  is 
not  injured  by  heat;  but  in  those  cases  there  is  evidence  of  the  formation 
of  the  dike  prior  to  the  formation  of  the  coal,  and  the  coal  is  deposited  on 
the  inclining  sides  of  those  dikes  at  a  less  angle  than  where  they  have 
been  of  subsequent  occurrence. 


CHANGE  OF  HORIZON. 

Figure  105  represents  another  class  of  faults  found  in  all  coal-fields,  but 
to  a  greater  extent  in  beds  which  have  been  forced  firom  their  normtl 
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oondition  tliaii  where  the  original  conditions  exist.     For  instance,  a  lower 
bed  may  be  moved  irom  its  horizon  hy  contraction  or  volcanio  causes, 


and  form  an  aneren  horizon  of  strata;  the  consequence  is  that  the  over- 
lying strata  woald  conform,  in  a  measure,  to  its  moulding  influences;  or 
the  deposited  sedimentary  strata  may  be  swept  away  by  currents  and  shifted 
from  point  to  point,  thus  forming  their  arenaceous  beds  much  thicker 
at  one  locality  than  another,  even  in  coal-fields  which  have  not  been 
changed  from  their  normal  conditions,  nuch  aa  our  Western  coal-fields 
geQerally. 

The  tendency  in  &ults  of  this  character  ia  to  depreciate  the  con!  in  cha- 
racter and  extent;  but  they  do  not  generally  exert  their  influence  to  any 
great  extent  on  the  overlying  seams. 

As  represented  in  the  engraving,  the  deposits  of  slates  are  thicker  on 
the  lower  than  on  the  upper  portions  of  the  coal,  and,  consequently,  the 
Datoral  tendency  would  be  to  return  to  the  uniform  horizon  of  formation, 
which  can  only  be  changed,  aa  before  stated,  by  violence  or  some  irregular 


"SADDLES,"  OR  " HOESEBACKS." 

Figure  106  is  another  form  of  fault,  luising  from  Uie  causes  explained 
in  connection  with  the  preceding  figure.     It  is  an  expiring  anticlinal, 


which  may  have  been  of  much  greater  extent  at  a  greater  depth.  Faults 
of  this  cliaracter  are  known  generally  as  "horsebacks,"  and  "troubles." 
They  are,  like  the  foregoing,  frequent  in  all  coal  formations,  and,  we  pre- 
nme,  result  from  the  same  causes.  Sometimes  they  are  extensive,  and 
tannels  are  required  to  be  out  through  rock  hundreds  of  feet  to  connect 
the  seams ;  and  it  is  a  difficult  matter  to  tell  whether  the  &ult8  are  simply 
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cliannrs  of  horizon,  or  horeebacks,  and  proof  is  neceaaary,  by  fbUowug 
the  Huam,  before  the  permanent  workings  can  be  continued.  Horaebaek^ 
however,  are  not  eo  troublesome  to  the  miner  as  an  extensive  change  of 
horizon :  in  the  former  case  a  tunnel  will  connect  the  plane  of  the  end, 
but  in  the  latter  inclines  must  be  used  in  flat  seams ;  in  pitching  Mams 
a  simple  change  of  the  course  of  the  "  gangway"  or  heading  will  obviat* 
the  difliculty.  If  an  up-throw,  the  course  changes  towards  the  top  of  the 
Hciim ;  if  a  down-throw,  it  changes  towards  the  bottom. 

In  the  nearly  horizontal  coal-fields  of  the  West,  these  rolls  or  horaebada 
are  frc(|ii<»it,  but  generally  more  geutlc  in  uugic,  though  more  extensive  ia 
Mr(>]H',  than  the  one  reprcrtonted.  Tticy  exist  also  in  an  inverted  position, 
r>r  tlicy  form  bellies,  or  "Bivellies,"  in  the  coal-strata,  instead  of  honfr 
Imi'ks  or  saddles.  These  faults — if  faults  they  may  be  called^-or  irrego- 
liiritit^  arc  more  troublesome  to  the  miners  than  the  former,  beoune 
in  the  first  the  coal  can  be  obtained  without  trouble  in  contending  witb 
wat<-r,  hut  in  tlie  latter  it  cannot,  siucc  a  basin  instead  of  a  saddle  is  fbnwL 

"TROUBLES." 

Figure  107  1>plongs  to  the  class  of  irreguInriticB  illustrated  in  105  nl 

1 00,  but  is  the  result  of  quite  a  different  process,  and  is  pecaliar  to  gnnitie 


or  volcanic  formations.  In  the  Richmond  coal-field  an  anticlinal  aie  '* 
knoivn  hb  a  trouble ;  but  there  these  axes  are  local  and  occupy  short  liitfi 
or  are  anticlinal  cones  instead  of  anticlinal  ridges. 

The  illustration  we  give  in  figure  107  is  from  flie  Sichmdnd  (Virginii) 
coal-field,  where  such  formations  arc  frequent,  as  shown  in  the  sediani 
act.'oni  pa  Dying  our  description  of  that  field.  There  ia  not  much  en- 
denoe  of  contraction  or  Bubscqueat  crust-movement  in  the  Richmond  cw 
measures,  but  the  unequal  and  irregular  granite  base  upon  vhich  that 
measures  were  deposited  influences  the  strata  to  a  great  extent.  Tboai^ 
the  bo-tins  are  frequently  over  a  thousand  teet  deep,  the  granite  peaks  l»* 
jent  through  the  measures,  and  oflen  appear  at  the  surfiice.  Genotllfr 
however,  they  are  of  less  elevation ;  but  their  frequent  occairenoe  serioolf 
Interferes  with  mining  operations.    We  have  known  several 


ri.m.TB  Ajn>  maEQULAitrnxs  m  Kxnas.  293 

vUbh  deep  and  ooBtly  Bhafts  have  been  aunk  on  the  crown  or  apex  of  one 
flf  those  "  troubles,"  and  which  were,  coasequeDtlj,  unavailable.  It  is  a 
Toy  difficult  matter  for  inexperienced  men,  or,  in  &ct,  miners  generally,  to 
locate  properly  in  this  field  on  unexplored  lands.  But  an  anticlinal  always 
■hows  its  dip  at  some  distance  from  its  axis ;  and  the  prudent  will  seek 
■ch  evid«ioe  bef(U«  risking  years  of  labor  and  large  outUys  of  money. 

We  find  the  coal  in  those  deep  Richmond  basins  incKosing  in  thickness 
tomids  the  sjmclinal  axis,  or  both  the  sedimentaiy  depositB  of  arenaceous 
ud  argillaceous  strata  and  the  coal  ore  thicker  in  the  basins  than  on  tlie 
Aps,  while  on  the  troubles  or  anticlinals  there  is  scarcely  a  sign  of  coat, 
tod  the  measures  are  correspondingly  thin.  The  inference,  therefore,  ia 
thit  the  present  is  their  original  and  normal  condition,  and  that  the  coal 
na  depouted  as  it  now  ramsdns. 

It  is  natural  to  suppon  that  sedimentary  deposits  should  tend  to  the 
deepest  ports  of  a  basin ;  and  here  we  find  it  exemplified.  Were  the  pre- 
mt  ibrm  of  die  anthTacite  basins  their  original  or  nonn^  condition,  we 
night  expect  to  find  nearly  all  our  coal  in  the  deep  basins ;  but,  as  such  is 
mt  the  case,  we  find  the  best  and  most  productive  seams  in  moderate  or 
ntedium  basins,  rather  thou  in  the  deepest. 


BOCK  FAULTS. 

Figure  108  illustrates  a  &ult  frequently  met  in  all  coal-fields,  and  one 
cammon  to  the  anthracite  regions.  It  consists  of  a  stratum  of  slate  or  rock 
riung  from  the  bottom  and  ascending  diagonally  across  the  coal  to  the  top, 
«nce  vend.    This  is  a  troublesome  character  of  &ult,  since  it  is  difficult 


to  detwmine  whether  it  is  a  change  of  horizon  or  an  "  ofT-throw."  When 
it  oomes  in  from  the  bottom  and  goes  out  at  the  top,  the  seam  is  below; 
bat  when  it  comes  in  from  the  top  and  goes  out  at  the  bottom,  the  seam  ia 
above.  In  the  first  case  the  miner  digs  down  through  the  rock  or  alate  to 
the  coal,  and  in  the  latter  he  digs  up.  The  dimensions  of  these  feults  aro 
virions,  ranging  fixim  a  few  inches  to  several  yards,  but  they  are  never 
vtry  extensive;  though  it  frequently  happens  that  handreds  of  feet  are 
driveD  through  them  in  eearoh  of  the  missing  seam,  when  it  Hea  but  a  few 
ysrda  off  in  a  parallel  oouise. 
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The  causes  of  these  fealts  are  rather  obecare,  but  tbey  evidently  resnlted 
from  some  commotion,  current,  or  force,  which  iDteirupted  the  legnkr 
coarse  in  the  formation  of  coal,  and  deposited  or  conveyed  an  extra  portioo 
of  sedimentary  strata  to  such  loralitiea.  An  explanation  of  figure  109 
inay  convey  an  impression  of  this  proccas. 

Figure  109  represents  a  frequent  occurrence  in  the  aDthiacite  ooa] 
measures,  and  one  which  is  peculiar  to  nearly  all  coal-seams.  It  oonniti 
of  the  enlargement  of  a  elate  parting,  which  may  or  may  not  belong 
naturally  to  the  seam;  but  it  generally  springs  &om  a  natural  paitiag, 
l>erhaps  scarcely  perceptible  at  first,  but  gradually  increasiDg  in  thJcknos 


Pin.  109. 


until  the  seam  becomes  parted  beyond  the  point  where  it  can  be  woAcd 
profitably  aa  a  einglc  bed.  In  the  anthracite  regions  these  slate  or  rcM^ 
partings  grow  from  ea-^t  to  west:  for  instance,  the  Buck  Moontaia  sean 
is  thus  divided  by  slate,  which  increases  in  thickness  from  east  to  wot, 
until  it  forms  two  distinct  beds;  and  the  Mammoth  is  likewise  divided 
into  three  large  and  separate  seams  in  the  same  manner. 

This,  we  think,  is  easily  accounted  for.  Though  the  aggr^ate  thicknn 
of  the  sedimcntaTy  strata  is  greater  in  the  east  than  in  the  west,  the  com- 
sponding  thickness  of  the  coal  is  much  greater.  The  causes  producing 
coal  were  more  active  and  constant  in  the  east  than  in  the  west ;  while  the 
great  Mammoth  of  30  and  50  feet  was  in  process  of  formation  in  the 
deep  eastern  basins,  the  growth  or  formation  of  coal  was  interrupted  in  tbe 
western  portions,  and  sedimentary  strata  took  its  place  for  a  season,  V 
until  the  process  could  be  restored.  As  a  general  role,  we  find  both  tht 
seams  of  coal  and  the  coal  measures  depreciating  in  a  westward  conrae, 
white  the  beds  are  frequently  split;  and  one  which  may  be  very  thick  in 
tbe  cast  may  form  two  or  three,  which  may  be  very  thin,  in  the  west  Bat 
there  ore  also  local  cases  of  this  form  of  division  or  splitting  of  the  seams, 
originating,  generally,  from  some  band  or  stratum  of  slate  which  natursll; 
exists  in  the  bed.  These  state  bands  occasionally  enlarge  and  fenn  ■ 
double  bed  from  a  single  one;  they  also  contract  and  form  a  aingle  bed 
from  a  double  one,  if  we  simply  trace  them  from  localities;  but  if  m 
follow  the  horizon  of  such  double  beds,  we  find  them  constantly  changing 
and  vaiying  in  their  distance  from  each  other.  The  cause  can  only  ba 
accounted  for  from  the  fact  tiiat  the  growth  of  coal  is  more  limited  in  OM 
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kxslity  than  another,  and  that  the  sedimentary  deposits  are  mnch  thicker 
It  one  point  than  at  another.  As  explained  fully  in  Chapters  III.  and 
IV.,  we  believe  the  sedimentary  strata  of  the  Paleozoic  formationB  to  Imve 
been  derived  chiefly  from  volcanic  influences.  The  lava  of  volcanoes  on 
being  thrown  in  a  molten  state  into  the  waters  is  instantly  shivered  to 

■tuna,  and  either  thrown  into  the  air  in  the  shape  of  ashes  and  sand,  to 
^bacuried  by  winds  to  remote  parts,  or  is  disseminated  through  the  waters, 

ud  carried   by  constantly  changing  curreute   to  aa  constantly  varying 

localities. 

Fia.  110. 


We  represent  in  figure  110  three  frequent  forms  of  "rock  faults," 
which,  aa  far  as  our  experience  goes,  are  found  in  all  coal-fields.  They 
emsiBt  of  narrow  walls  of  rock,  which  cut  the  seam  either  perpendicularly 
or  obliquely,  and  ore  from  one  foot  to  several  yards  in  thickness.  We 
Ind  them  extending  from  one  seam  to  another  through  the  measures, 
bat  generally  only  a  Bhort  distance  above  or  below  the  coal.  They  are 
like  small  trap  dikes,  but  are  invariably  a  coarse  sandstone,  having  nn 
ippearance  <^  igneous  origin,  and  consequently  must  have  been  the  result 
of  wdimentory  deposit,  in  the  same  manner  and  at  the  same  time  with  the 
ttntified  sandstones  of  the  coal  measures.  But  how  these  isolated,  narrow, 
utd  ungular  walls  of  rock  were  laid  in  long  lines  through  the  coal-seams 
cunot  be  satis&ctorily  explained, 

BLATE  FADLTS. 

Slate  fiiults,  as  represented  in  figure  111,  frequently  ocour  is  the  Penn- 
tflvaiua  anthracite  seams,  and  sometimes  in  the  bituminous  coal-fields  of 


tbe  West.  We  have  also  found  them  in  the  Eicbmond  and  New  River 
coal-fields  in  Vit^inia  and  elsewhere  They  appear  to  be  normal  forma- 
tioDS,  or  interruptions  to  the  growth  of  coal  in  ita  ongmol  formation,  and 
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vaay  be  aocoimted  for  in  the  same  mannv  as  we  wonid  acoonot  foe  the 
increnae  or  enlargemeat  of  the  slaty^  partings  in  coal-seamB,  irliieh  in 
sometimes  only  an  inch  in  thickness,  but  are  often  fonnd  in  a  few  miles  ts 
have  increased  to  sercial  feet;  in  &ct,  these  dividing  slates  vary  from  u 
inch  to  40  feeL 

The  deposit  of  state  which  we  represent  as  a  "slate  fiinlt"  differs,  how^ 
ever,  from  slate  partings,  which  are  natural  and  to  a  ootain  extent 
regalar.  l^tU  fauUa  are  intermptioiis,  and  frequently  <Kcapy  the  ea6n 
seams;  but  generally  only  a  portion  of  the  seam  Is  occupied  by  the  data. 
The  extent  of  these  fiiults  is  variable, — sometimes  only  a  few  yards  in 
extent,  but  as  often  several  acres.  We  must  consider  them  local  interrup- 
tions to  the  ooal  growth  <»  formation. 

DIBT  OR  SOFT  FATTLT3. 

There  is  not  much  difference  between  the  slate  &ult  and  the  dirtjitui. 
They  are  both  organic  defects,  and  not  the  results  of  any  subsequent  actiw. 
The  dirt  &ultB  are  generally  more  extensive  than  the  slate  &ults,  and  aie 
almost  exclusively  confined  in  the  anthracite  r^ons  to  the  red-ash  seanu^ 


and  differ  from  Uie  eruaked  fauUa — resulting  from  the  forces  of  latenl 
contractJOD — in  containing  no  avmlable  coal.  These  &ulta  generally 
"come  in"  on  the  top,  and  gradually  increase  until  all  or  most  of  the  eool 
disappears,  and  go  out  on  top  in  the  same  manner,  with  an  enlargement 
of  the  coal  as  the/auU  disappears. 

The  chaiBcter  of  this  iault  is,  however,  variable,  and  its  forms  in 
changeable.  In  place  of  the  coal  we  find  a  soft,  carbonaceous  dirt,  of  a 
plumbageous  or  graphitic  appearance,  mixed  with  slate  or  shelly  coal,— 
always  one  or  the  other.  Some  &alt8  appear  as  if  their  carbon  had  escaped, 
as  we  find  displayed  in  the  outcrop  of  ooal-eeams,— the  "bloom"  or  black 
dirt  of  which,  though  a  part  of  the  bed  or  seam,  containa  no  coal,  until 
confined  and  covered  by  a  considerable  body  of  overlying  Aata,  whoi  the 
coal  dirt  changes  to  coal  by  a  gradual  hardening.  In  ottier  "dirt  fiuilb," 
where  the  slaty  principle  predominates,  we  would  assign  a  different  causey 
much  the  same  as  that  mentioned  in  connection  with  the  {nreoedit^  slata 
&nlt,  but  with  this  difference: — in  the  slate  fanlts  the  formation  or  growth 
of  coal  is  interrupted  to  the  extent  of  the  &ult;  bat  in  the  dirt  &alt  tbi 
% 
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growth  ta  only  checked  ftnd  partial,  and  mixed  vith  impimtiei,  oannd 
bj  coxrenla,  eddieo,  or  some  commotion  of  the  waters  in  which  it  wai 


Whh  these  remarks,  we  mnst  close  for  the  present  this  short  chapter  on 
fiulta.  The  subject  demands  more  elaborate  treatment^  and  wonld  form  an 
interesting  snlgect  fijr  a  volome ;  bat  time  and  space  admonish  breritj, 
and  we  can  only  promise  to  retam  to  the  sobjeot  on  some  other  occaaon, 
if  oppoilunity  ofibr. 


PAKT  IV. 

CHAPTER   XV. 

WESTERN   BITUMINOUS  COAL-FIELBB. 

Broad  Top  Coal-Field — Its  Geological  Position  and  Character — Vertical  Section 
Broad  Top  Measures — Identification  of  the  Coal-Beds — The  Buck  Mountain— Mi 
— The  Mahoning  Sandstone — Pittsburg  Bed— Freeport  Beds — Freeport  Lime 
Feriferous  Limestone — Iron-Ores  of  the  Coal-Fields — Extent  and  Identity — Geolog 
Topographical  Position  of  Broad  Top,  and  Extent  of  the  Coal-Field — ^Rulroad  i 
tions — Coal-Seams — Analysis  of  Coal — Shipments  of  Coal — ^Names  of  Firma  an 
Operators — Mining  Cool  and  Ventilating  Mines — Iron  Ores — Coke,  &o. 

BROAD  TOP  COAL-FIELD. 

We  propose  to  include  this  small  coal-field  with  the  bituminons 
than  the  anthracite  formations,  though  it  occupies  a  place  between  tb 
and^  strictly  speaking,  is  an  independent  field,  belonging  to  neither  t 
nor  the  other,  and  is  a  peculiar  semi-bituminous  coal-field.  Its  < 
lustrous  in  appearance,  like  the  anthracite,  but  square-fractured,  li 
bituminous:  its  place  in  our  geology  identifies  it  more  nearly  wi 
Western  formations  than  with  the  anthracite.  But,  however  we  as 
both  bituminous  and  anthracite  belong  to  the  great  Appalachian  basi 
were  the  formations  of  the  same  era,  the  results  of  the  same  causi 
found  in  much  the  same  conditions. 

•  The  Broad  Top  coal-field"*"  is  limited  in  area,  but  the  accomp 
vertical  section  demonstrates  the  amount  of  coal  it  contains  to  be  in 
of  the  same  area  in  any  other  outlying  basin  of  the  great  bituminous ; 
tion.  It  contains  four  workable  scams  of  fiiir  dimensions, — ^larger,  i 
than  the  general  size  of  the  bituminous  seams  in  other  regions. 

We  fail  to  find,  however,  the  "Big  vein"  of  Cumberland  and  the 
moth  of  the  anthracites;   but  the   place   it  should  occupy  is  fill 
two  aeamsy  evidently  synonymous  with  the  Mammoth,  which,  as 
observed,  splits  in  its  westward  course.     We  think  the  coal  presen 
figure  113  is  identical  with  the  white-ash  coal  of  the  anthracite  field 


*  We  hare  changed  the  position  of  this  coal-field  from  the  map  fUmiahed  ni 
Broad  Top  Railroad  Company, — placing  it  as  nearly  north  before  the  reader  aa  poa 
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[s  this  Beoti<m  ire  find  iH>  difficnltf  in  tracii^  a  paiallel  irith  the  M 


ren  in  connectioD  with  the  anthraoito,  or  of  ideotifying  the  aeaau* 
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thongh  we  have  named  them,  perh^is,  diffireatfy,  A 
is  Dodoubtedly  the  couoterpart  of  that  given  on  or 
□ear  the  oonglomenite  as  the  bottom  soun  in  the  antlin- 
dte  regions.  B  we  cannot  &il  to  rec(^;nize  as  the  Bnck 
Mountain  bed;  while  the  next  overlying  seam,  which 
is  only  one  foot  thick,  most  be  C,  or  Gamma,  of  our 
nomenclatuie.  It  is  always  a  small  seam,  seldom  work- 
able, and  often,  even  in  the  anthracite  i^ons,  as  thin  u 
it  IS  here, 

C,  tn  figure  113,  oocupies  the  place  of  D,  and  is  really 
the  Skidiuore.  The  seams  marked  D  and  E  are  un- 
doubtedly the  Mammoth;  while  the  small  intermediato 
seams  may  be  splits  of  the  same,  or  leaders,  which  ve 
often  find  in  the  same  ground  in  the  antluacite  regions. 

The  small  seam,  F,  above  the  Mahoning  sandstone— 
which  la  here  25  feet  thick,  and  which  is  ideatical  witli 
the  massive  aandrock  always  found  between  E  and  F — is 
identical  with  the  "  Holmes."  It  overlies  the  Mammoth 
everywhere  in  connection  with  the  great  sondrock,  knon 
in  the  West  as  the  MoJuming  aandstone,  and  is  the  onlj 
regular  seam  to  be  found  in  the  "beiren  measures."  It  ii 
always  small,  seldom  exceeding  four  feet  in  the  anthndtB 
r^ons,  and  not  often  over  twelve  inches  in  the  bitami- 
nous  fields.  It  overlies  the  great  bed  of  Karthauae,  ud 
underlies  the  Pittsburg  seam  in  the  same  manner  as  it 
exists  above  the  Mammoth  and  below  the  Primrose  in  the 
anthracite  measures. 

In  the  Broad  Top  r^ion  the  great  Pittsburg  seam  ti 
found  on  the  higher  elevations,  but  too  near  the  tops  <i 
the  mountains,  and  covered  by  too  small  an  amonnt  of  tbt 
o\erlyiiig  measures  to  be  generally  workable.  We  law 
not  been  able  to  get  its  exact  position  and  dimensions,  but 
understand  its  place  to  be  about  400  feet  above  E,  wbiA 
a  its  proper  position. 

The  following  brief  and  condae  account  of  1^  coil- 
field  IS  from   the  pen  of  John   Fulton,  Esq.,  the  »ble 
engineer  of  the  Huntingdon  &  Broad  Top  Bailroad  Con-     , 
pany 

Note  — On  compuiug  figure  118  with  118,  the  idsntitj  of  tb*8nM 
Top  meuuTCi  with  the  AHcghftnj  eoH  meuores  will  be  BTident  vi 
unm  aUksble.  The  iroD  ore  under  the  Uemmoth  And  the  FiMP** 
■euna  is  identical,  ud  the  posiiioQ  of  the  Freeport  litneatone  ii  i*^ 
e&l«d.  The  bed  of  iron  ore  nor  B,  or  bettreen  B  and  C,  ii  aot  hoet^ 
in  (bia  Mction,  but  in  othw  lecUoiu  it  wiU  !>•  fooad.    It  niM 
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giMnDy  UufODglKnit  tht  uitlmdte  eotMelds,  itid  is  aliragrs  fbnftd  In  tk«  ttiM  ^|»Mlllta 
•ft  th«  IMteomt  UtaiMtoB*  in  Um  WmU  The  two  Mama  of  iron  iMre  indiflatid  lom  aBdMr 
Ike  MMBBoth  and  the  other  OTor  the  Bock  Hocuitain  bed— «re  m  extenslTe  m  the  eoel- 
Mdi  or  MMBB  th^  aeoompenj. 

BBOAD  TOP  COAL-BEaiON. 


''The  Broad  Top  ooal-regioii,  ntoafteln  Hmituigdmi,  Bedford,  and  Foltcm 
oonntieBy  oocapiee  a  peculiar  geological  position  amongat  the  coal-fields  of 
Pennsylvania.  Standing  between  the  anthracite  coal-fields  of  the  north- 
eaiat  and  the  great  Utuminoos  coal-region  of  the  soothwesty  its  coal  pos- 
sesses to  a  ccmsidenible  degree  the  qualities  of  both,  and  is  therefore  clasn- 
fied  as  a  semi-bituminous  coal.  The  region  is  detached  and  independent 
in  itself  occupying  the  southern  end  of  the  great  synclinal,  in  the  northern 
end  of  whidhi  the  Wyoming  oeal-field  is  situated. 

'^  The  area  of  this  cK»l-field  has  been  varioudy  estimated,  ranging  fitun  40 

to  80  square  miles;  recent  developmentB,  however,  seem  to  indicate  the 

eonectnees  of  the  latter  estimate. 

I        ''The  r^on  i$  bounded  on  the  west  by  Terrace  Mountain,  and  on  the 

\    east  by  Sidelong  Hill,  forming  at  the  northern  end  a  slender  sjmdinal 

I    prong,  resting  its  terminal  point  <m  the  Juniata  River  below  the  town  of 

-1   Hontingdon.    The  coal-field  widens  towards  its  southern  boundary  in 

f    Bedford  and  Pulton  counties,  ending  in  a  number  of  terminal  fingers.  The 

general  topographical  features  of  the  region  are  similar  to  those  of  the 

anthracite  coal-fields, — greatly  modified,  however,  in  the  case  of  Broad 

Top. 

''The  great  coal-plateau  (from  which  the  name  Broad  Top  is  derived)  is 
situated  between  Trough  Creek  on  the  north  and  Ground  Hog  Valley  on 
the  south. 

"The  coal  measures  are  r^ular  in  structure,  with  gentle  wave  undula- 
tions, dividing  the  field  into  several  synclinals  or  basins. 

"The  Baystown  branch  of  Juniata  Biver  flows  along  the  western  flank 
of  the  coal-field,  winding  drcuitously  through  the  Umbral  red  shales,  Ves- 
pertine and  Ponent  sandstones,  and  Vergent  slates,  which  form  the  western 
escarpment  of  the  region. 

"  The  construction  of  the  Huntingdon  &  Broad  Top  Mountain  Bailroad 
was  mainly  intended  to  develop  the  coal-field.  The  line  of  the  railroad 
b^ins  at  Huntingdon  (where  it  connects  with  the  Pennsylvania  Bailroad 
and  Canal),  and  follows  up  the  valley  west  of  the  Baystown  Juniata  until 
it  reaches  Stonerstown  and  Saxton,  where  it  crosses  this  river  and  continues 
along  its  eastern  side  to  its  terminus  at  Hopewell,  where  it  connects  with 
the  Bedford  Bailroad,  extending  the  rail  line  to  Bloody  Bun,  43  miles 
from  Huntingdon. 

"The  Juniata  Biver  and  Broad  Top  Bailroads  form  a  base-line  to  the 
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region.  The  coal-field  is  trenched  transversely  to  this  base  by  thm 
streams  (tribatarics  to  the  Juniata),  exposing  along  their  slopes  the  oct- 
crops  of  the  coal-scams,  along  which  the  collieries  are  located.  The  three 
hraDchefl  of  the  railroad  (Slioup's  Run,  Six  Mile  Run,  an<l  Sandy  Run) 
have  been  constructed  in  the  vallcya  of  these  atreams,  connecting  with  Uie 
main  road  at  Siutton,  Riddlesburg,  and  Hopewell,  over  which  the  coal  ia 
carried  to  Huntingdon,  where  it  is  delivered  on  the  Pennsylvania  Bailnad 
track  or  dumped  over  echutes  into  canal-boats. 

"  The  aggregate  thickness  of  the  workable  coal-seams  of  the  r^on  ia  26 
feet.  A  reference  to  tlic  columnar  section  will  show  their  order  and 
urntn^ttment.  The  Broad  Top  coal  haa  long  been  known  as  the  best  fiid 
fitr  bliuikx  mi  tiling  purposes,  and,  since  the  completion  of  the  rulroad,  ha* 
taken  an  enviable  position  in  market  as  f/ic /W  for  generating  steam  in 
liM^ornotive,  nmrino,  aud  stationary  engines.  Its  use  in  rolling-mills,  pod- 
dliug-furiuiu»,  forge-fires,  &c.  has  been  eminently  successful.  It  ia  ■ 
whito-ash,*  frco-burning  coal,  easily  ignited,  and  makes  a  dicerfnl  fire  in 
grates  or  stoves,  leaving  little  residuum. 
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"The  railroad  was  completed  in  1853,  and  during  the  latter  portxiaaf 
that  year  42,000  tons  of  coal  wei-e  sent  to  market. 

RTATEHEHT  SHOWING  ANNUAL  SHIPMENTS  PROM  THB  BROAD  TOP  BBGIOK, 
FROM   ITS  OPEN'ISQ   IN   1850   TO   1864   INCLUSIVE. 

183« 42.000  toDs.  I  1B50 130.605  tool.  I  1868 SS4.tttt<M. 

1M7 78.812     *'        1860 187.853     ■'        1863 806.687   " 

IB68 105,478     "     I  1861 272,625     ■'     ]  I8W SSt.646   " 

*  The  fast  of  the  Broki]  Top  coal  beiog  while-aah  ia  an  eTidenca  of  its  idtntit;  witb  <ki 
vhlte-kah  eoata  of  the  anthracile  regions.  The  ash  produced  b;  B  hu  not  liecn  parlin- 
krlj  pored.     Tbla  mm  almut  iDTtriablr  produces  red-aih  from  Its  lower  bwiebeK 
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"Id  addition  to  the  above  25  shipping  collieries,  several  new  mines  are 
being  opened.  The  Broad  Top  Coal  &  Iron  Company  are  opening  a  col- 
lieiy  np  Coal  Creek,  two  tnilea  south  of  Coalmont;  the  Huntingdon  & 
Broad  Top  Bailroad  Company  are  opening  a  colliery  near  Crawford;  the 
Riddlesburg  Coal  &  Iron  Company  are  opening  a  colliery  opposite  their 
Mount  Equity  colliery  on  Six  Mile  Run.  The  three  branches  of  the  rail- 
road can  be  extended  and  new  collieriee  opened  as  the  increase  of  bneinen 
may  require.  The  shipments  of  the  r^on  have  thus  &r  been  retarded  by 
the  inadequate  supply  of  cars  furnished  operators  by  connecting  roads, 

"  The  workings  of  all  the  collieries  of  the  region,  excepting  Dudley  Slope, 
Scott,  and  Duvall  ahafb,  are  above  water-level,  worked  by  adite  or  gang- 
ways driven  into  the  hillsides  in  the  coal-seam.  From  the  gangways 
headings  are  driven, — generally  up  the  dip, — from  which  ranges  of  rooms 
are  laid  off:  each  room  is  27  feet  wide,  with  10  to  15  feet  of  coel-pillar 
between.  Two  miners  work  in  each  room,  averaging  3  tons  each  per  day. 
The  mine-cars,  carrying  2  tons,  follow  the  miners  up  the  middle  of  each 
room. 

"All  slate,  whether  free  from  roof  or  floor,  is  separated  from  coal  before 
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loading  into  the  mine-car^  so  that  nothing  is  sent  oat  of  the  mine  whieh 
cannot  be  dumped  into  railroad-cars  and  sent  to  market.  16  to  20  per 
cent,  is  usuallj  allowed  in  estimating  loss  of  coal  in  pillars  and  waste  in 
mining.  This  expresses  the  whole  loss^  being  the  distinctive  feature  between 
the  bituminous  and  anthracite  coal-working.* 

''As  no  gases  are  liberated  in  working  the  coal^  the  means  of  ventilation 
are  simple.  The  main  object  kept  in  view  is  to  conduct  a  sufficient  sapplj 
of  pure  air  through  the  mine  in  order  to  displace  the  vitiated  w  where 
the  miners  are  at  work.  This  is  accomplished  bj  natural  means,  the  car- 
rents  of  air  being  produced  by  the  difference  of  density  between  the  air  of 
the  mine  and  that  of  the  atmosphere^  motion  being  communicated  bj  the 
difference  in  altitude  between  the  mine-shaft  and  the  mouth  of  the  adit  or 
gangway. 

"  The  valley  west  of  the  Broad  Top  coal-field  and  raihtwd,  stretching 
along  the  eastern  base  of  Tussey  Mountain,  abounds  in  rich  deposits  of 
superior  hematite  and  fossiliferous  iron  ores,  producing,  when  smelted,  the 
celebrated  'Juniata  iron.'  The  outcrops  of  these  deposits  have  been 
traced  firom  McConnellstown,  in  Huntingdon  county,  to  beyond  Bloodjr 
Bun,  in  Bedford  county,  a  distance  of  over  40  miles. 

''A  furnace  was  put  in  blast  at  Hopewell  in  September,  1863,  reoaviig 
its  ore  from  an  open  quarry  of  hematite,  15  feet  thick,  near  Bloody  BiiB| 
and  carried  over  Bedford  Railroad.  The  fossiliferous  seams  are  3  and  6 
feet  thick :  the  latter  is  the  soft  quality,  and  similar  to  the  Montour  ore. 

^^Considerable  and  deserved  attention  is  now  being  paid  to  the  iron  am 
of  the  region,  and  explorations  in  progress  are  developing  new  depositBh 
Large  quantities  of  the  fossiliferous  ore  are  being  shipped  from  Pleasuit 
Grove  station  to  Danville  for  the  Montour  Iron  Works,  and  from 
Marklesby  station  for  Conemaugh  Furnace.  When  it  is  considered  thit 
the  Broad  Top  coke  has  been  found  on  trial  to  be  a  superior  ^M  6r 
smelting  these  ores,  it  is  singular  that  this  extensive  source  of  mineni 
wealth  should  have  so  long  escaped  the  eagle  eye  of  capital  in  a  regios 
possessing  railroad  facilities  and  abounding  with  all  the  elements  reqiiiiel 
for  its  successful  manufacture. 

"John  Fulton, 
''Remdent  Civil  &  Mining  Engineer  H.  &  B.  T.  R.  R.&C.O0. 

*•  January  1,  1866." 

*  If  the  common  mode  of  '*  pillar  and  breast'*  is  made  use  of,  as  we  suppoiey  tktrctf 
some  error  in  this  estimate.     The  loss  must  be  greater. 
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CHAPTER   XVL 

THE  GBEAT  ALLEGHANY  COAL-FIELD. 

AnUmeite  and  Bituminous — Connecting  Coal  Formations — Detached  Coal  Deposits — 
Salston,  Blosflburg,  and  Barclay  Basins — North  Mountain  Coal-Field — Forests — Oil 
Territory — ^Yeriioal  Section  through  the  North  Mountain  Coal  Measures — Identity  of 
Cotl-Beda — ^Barclay,  or  Towanda  Coal-Field — Dirision  of  the  Coal-Beds — ^Vertical  Section 
through,  the  Barclay  Coal  Measures — Character  of  Coal — The  Balston  Coal-Basins — 
Tertical  Section — The  Blossburg  Coal-Basins — Vertical  Section — Identity — Morris  Bed 
—Visit  to  the  Blossburg  Mine^"  Long  Wall'*  Adrancing — Modes  of  Mining — Relative  Cost 
—Production  of  the  Blossburg  Mines — Philadelphia  &  Erie  Bailroad — Coal,  Lumber, 
Oil,  and  dalt— Grades,  &c. 

In  order  to  trace  a  connection  between  the  anthracite  and  bituminous 
fields,  we  propose  to  devote  a  few  pages  to  the  connecting  or  intermediate 
bisiDs  or  bodies  of  coal  which  exist  as  outlying  patches  along  the  north- 
eastern margin  of  the  Great  Alleghany  field.  Those  deposits  are  nume- 
roas  and  frequently  small,  and  are  scattered  through  a  great  extent  of 
country,  along  the  head-waters  of  the  Susquehanna,  Juniata,  and  the 
Alleghany  Rivers.  We  do  not  propose  to  notice  them  all.  It  would  re- 
quire more  time  and  space  than  can  be  spared ;  and,  under  present  circum- 
stances, such  a  description  would  be  neither  profitable  nor  interesting.  We 
shall,  therefore,  confine  ourselves  to  the  northeastern  basins,  or  those  lying 
between  the  bituminous  and  anthracite  fields. 

Those  small  and  detached  bodies  of  coal  all  belong  to  the  Great  Alle- 
ghany formations  proper,  and  exist  on  the  high  western-dipping  plateau 
peculiar  to  that  great  basin.  They  were  originally  part  of  one  great  and 
unbroken  coal-field.  Their  present  isolated  condition  is  due  to  denudation ; 
and  the  deep  valleys  which  separate  them  are  invariably  the  beds  of  the 
present  water-courses,  cut  into  the  soft  red  shale,  but  seldom  below  it. 

Figure  114,  from  Taylor's  Statistics  of  Coal,  is  so  nearly  correct  that  we 

Fio.  114. 


SECTION  OF  THf  FORM  AND  RELATIVE  POSITION  OF  THE  RALSTON,  BARCLAY,  AND  BLOSSBURQ  BASINS. 

introdnoe  the  original  figure  here,  having  purchased  the  right  from  Mr.?. 
Taylor,  not  only  to  this  engraving,  but  to  all  others  which  may  be  made 
088  of  from  that  work. 
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The  relative  distance  between  those  basins  is  perhaps  contracted.  Tb 
intention  is  to  convey  an  impression  of  the  general  character  of  those  onl 
lying  patches,  rather  than  their  rebitive  or  exact  positions.  The  left-ham 
basin  is  that  of  Ralston,  and  the  right  the  Blossburg  basin.  Thqr  ai 
se}>arated  by  the  valley  of  Lycoming  and  Towanda  Creeks,  which  is  ovc 
1000  feet  below  the  level  of  the  coal.  The  basins  of  the  '^  North  Moon 
tain"  and  the  Barclay  coal-field  occupy  much  the  same  position  in  regan 
to  each  other,  and  may  be  represented  by  the  same  illustration;  thongi 
these  latter  formations  are  east  of  the  former,  and  separated  by  a  greate 
denuded  space. 

The  detached  coal-basins  along  the  line  of  the  Philadelphia  &  Eri 
Railroad,  and  the  Lock  Haven  &  Tyrone,  are  similar  in  character  ani 
general  formation, — always  existing  on  the  tops  of  the  mountains,  ani 
always  separated  by  deep  valleys  cut  in  the  red  shale  or  the  soft  rods 
which  are  subordinate  to  the  conglomerate,  while  the  conglomerate  itseli 
which  caps  the  mountains  and  holds  the  coal  as  it  were  in  its  hollows,— 
always  in  basin-shape, — is  cut  again  into  numerous  smaller  patches,  as  re 
presented  in  figure  114,  by  the  smaller  water-courses. 

All  this  north  and  northeastern  portion  of  the  Great  Alleghany  forma 
tion  was  originally  a  vast  level  or  slightly  undulating  plain,  dipping 
gently  to  the  west  and  southwest,  and  covered  with  an  unbroken  ooal-field 
which  contained  all  the  seams  peculiar  to  our  white-ash  series,  or  bdon 
the  "  barren  measures."  In  fact,  it  was  part  and  parcel  of  the  Great  Alle- 
ghany coal-field,  as  originally  formed,  and  has  only  been  separated  from 
this  great  body  by  the  forces  of  the  rushing  waters  which  have  so  mate- 
rially changed  the  topographical  features  of  Northeastern  Pennsylvania. 

THE  NORTH  MOUNTAIN  COAL-FIELD. 

This  coal  deposit  lies  in  portions  of  Sullivan,  Wyoming,  and  Lnzene 
counties.  The  formation  is  comparatively  extensive,  though  the  amount 
of  available  coal  is  limited.  It  consists  of  a  wide  area  or  plateau  of  con- 
glomerate, with  small  bodies  or  patches  of  coal  scattered  over  it,  occaaon- 
ally  presenting  available  basins  of  excellent  coal,  but  more  generally  con- 
taining only  the  lower  bed  A,  which  has  been  preserved  on  account  of  its 
position  in  the  conglomerate,  while  the  overlying  seams  have  been  washed 
away  by  the  denuding  waters. 

The  entire  area  of  this  elevated  region,  lying  between  the  waters  of  the 
north  and  west  branches  of  the  Susquehanna,  and  drained  by  the  waters  o{ 
Bowman's  Creek,  Mahoopany,  Loyal  Lock,  and  Pine  Creeks,  is  not  lea 
than  500  square  miles  in  extent.  Though  lying  in  the  midst  of  a  popu- 
lous region,  surrounded  by  fest-growing  cities  and  towns  and  encircled  hj 
railroads  and  canals,  it  is  still  a  terra  incognita,  generally  speaking,  and 
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known  to  bat  &w,  and  to  those  few  nn&vorably.  Perhaps  the  only  ^ 
partifiB  to  speak  in  its  &yor  are  the  hunters  and  anglers  who  still  find 
qport  in  its  deep  forests  and  pure  mountain-streams.  The  hardj  pioneers 
who  have  repeatedly  tried  to  win  a  home  firom  the  cold  and  frosty  soil  have 
fiMind  their  labor,  patience,  and  perseverance  only  rewarded  l^  poverty, 
privation,  and  loss.  Many  have  been  disappointed  in  their  hopes  and  ex- 
pectations based  on  the  level  beach  ridges  and  the  wide  marshes  of  this 
apland  region.  The  soils  appear  deep  and  rich ;  but  they  are  cold  and 
dayish,  and  will  not  produce  grain  without  an  abundance  of  lime ;  though 
the  grasses  flourish  luxuriantly.  But,  like  the  poor  settlers  of  Yenango, 
the  pioneers  of  the  North  Mountain  have  been  rolling  among  the  unlimited 
wealth  of  the  mineral  kingdom  without  knowing  it,  or  without  the  ability 
to  profit  by  it. 

The  magnificent  forests  which  are  or  will  be  worth  ten  times  the  mere 
valae  of  the  soil  for  agricultural  purposes,  they  cut  down  and  burned, 
with  immense  labor,  and  depreciated  the  value  of  the  land  as  the  reward 
of  thdr  toil.  Situated,  as  this  region  is,  in  the  midst  of  or  in  dose  vicinity 
to  the  great  mining  districts,  where  sudi  vast  quantities  of  lumber  are  used, 
it  cannot  fiul  to  become  of  great  value  for  its  timber  alone,  as  most  of  t{ie 
mailable  timber  in  the  surrounding  countiy  is  gone,  or  fiut  disappearing. 
Those  deep  and  magnificent  forests  must,  therefore,  soon  realize  their  proper 
,  "valae,  and,  instead  of  being  burned  with  incredible  labor  by  the  pioneers, 
t  ihey  will  yield  their  wealth  to  the  lumberman  and  the  tanner. 

This  is  perhaps  the  largest  and  least  broken  of  the  outlying  patches  of 
the  All^hany  formation,  and  in  its  geology  and  topography  reminds  one 
fbrdbly  of  the  great  oil-regions  of  Northwestern  Pennsylvania.     Though 
no  efforts  have  been  made  to  develop  it,  and,  we  believe,  but  little  attention 
paid  to  the  subject,  we  think  we  hazard  nothing  in  claiming  fi^r  this  region 
tn  oil-producing  territory  at  the  head  of  its  streams  and  within  the  central 
basins.    The  position  of  the  upper  or  ^^  heavy  oils"  ought  to  be  reached  at 
moderate  depth,  because  its  place  is  immediately  below  the  great  con- 
glomerate; but  the  reservoirs  of  light  oils  must  lie  very  deep,  };>ecause  they 
•le  below  the  red  shales,  yet  may  be  reached  in  tlie  valleys.    The  thickness 
of  the  strata,  however,  must  be  great  between  the  heavy  and  light  oils  in 
Ais  r^on,  since  the  red  shale  and  the  rocks  immediately  below  it  are 
much  thicker  here  than  in  Western  Pennsylvania:  there  their  existence  is 
doabtful,  except  to  a  limited  extent;  while  here  they  are  several  thousand 
^      feet  in   thickness,  according  to  the  general  order  in  the   thinning  or 
depreciation  of  the  strata  fix)m  east  to  west. 

VERTICAL  SECTION,  NORTH  MOUNTAIN  COAL  MEASURES. 

i~       Figure  115  is  a  vertical  section  of  the  measures  in  the  principal  body  of 
coal  lying  within  the  area  described,  and  near  where  the  Berwick  turnpike 
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croBses  the  Loyal  Lock,  east  of  Old  Shinarsville.  The  lover  bed,  A,  in 
tliifl  basin  may  extend  over  an  area  of  3000  acres,  bat 
the  upper  bed,  E,  dues  not  occupy  one-third  of  dot 
area.  Tlie  bit-sin  id  limited,  but  the  coal  is  good,  and 
closer  to  the  antliracite  in  character  than  any  other  de- 
posit of  the  Allegheny  formations.  It  is  bitominousiii 
fracture  and  api)canince,  but  nearly  anthracite  in  dur 
tactcr  and  eoiii-titucncy,  and  contains  nearly  90  per 
cent,  of  carbon. 

In  figure  llu  we  find  a  close  resemblance  to  the 
anthracite  monsurftf,  aud  a  perfect  identity  of  tbe 
seaiuH,  as  a  coinK-<-ting  link  between  the  tvo  forma- 
tions. This  is  the  must  eastern  of  the  All^bui; 
basins,  and  the  ncmtwt  to  the  anthracite  fields.  It i^ 
beyond  <Ioubt  or  question,  part  of,  and  was  once  ci»- 
nected  with,  the  great  Alleghany  field;  oonsequeatlf, 
H-e  need  not  seek  for  proof  to  identify  the  aeanu,  be- 
cause, if  the  nicaiinrea  belong  to  that  great  field,  the 
scams  must  al^  belong  to  it,  and  though  tbfj 
may  cliange  in  size  and  relative  distances,  thf^  inH 
ahv.iys  occupy  their  proper  place  in  relation  to  aA 
other. 

Our  object  now  is  to  identify  this  formation  with  ill 
antlimeite  fiirmations,  and  prove  the  identity  of  tbt 
resixftivc  seams;  and,  having  done  this,  we  snbait 
that  the  iiuestiun  of  identity  may  be  settled  as  a  genoil 
application,  though  we  may  find  difficulty  in  tiaciif 
the  seams  through  all  their  changes  throiighont  the 
Western  coal-fiolds.  This,  however,  we  believe  can  bl 
done,  and  we  csiwct  to  do  it  satisfactorily, 

Thtt-^;  wlio  Iiavc  followed  us  in  our  descriptions  of 
*Mu'ii'T«iN'co'A4!'-VttLo!''  tl*"^  anthnn'itc  fields,  and  observed  our  vertical  sectic* 
of  the  respective  regions,  will  at  once  recogniie  A,  ii 
figure  116,  as  synonymous  with  A,  or  Al|>ha,  in  those  regions.  Heieif 
cxistn  in  the  conglomerate,  and  ranges  from  18  inches  to  four  feet  ia  thi* 
ness,  and  is  found  over  a  large  portion  of  this  field  in  detached  depoot^ 
but  only  occasionally  overlaycd  with  the  upper  seams.  We  think  iw 
8cain  oc<-upies  at  least  ten  times  the  area  of  the  next  overlying  seam,  w 
pprhajw  a  hnndred  times  the  extent  of  the  upper  seam,  E.  The  coal  of  A 
is  gcncmlly  bright,  pure,  and  excellent  for  smiths'  purposes  towards  th 
centre  of  the  field,  but  is  dull  and  impure  towards  its  margin  to  the  east 
Immediately  above  A,  and  only  separated  by  20  or  30  feet  of  coam 
eandstonea  and  sktes,  is  B,  or  the  Buck  Mountain  bed,  which  is  a  peruetett 
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aeam^  and  is  as  extensive  as  the  coal  measures.  It  is  the  Blossburg  and 
Balston  working  bed^  and  is  generally  good  and  productive,  though  liable 
to  frequent  changes.  C,  or  "Gramma,"  occupies  its  proper  place,  and  exists 
in  its  usual  size  and  character.  It  is  thin  here  as  in  the  Broad  Top  coal- 
field and  elsewhere. 

D,  or  the  Skidmore,  holds  its  proportion  in  comparison  with  the 
accompanying  seams,  and  occupies  its  proper  place  in  the  measures;  though 
the  whole  distance  from  A  to  E  is  not  greater  here  than  the  distance  in 
some  of  the  anthracite  basins  from  D  to  E, — ^yet  the  depreciation  of  the 
intervening  strata  is  general  and  uniform. 

E  is  the  Mammoth  beyond  doubt,  and  presents  its  character  both  in 
stracture  and  character,  as  well  as  its  position  in  the  measures.  It  is  a 
large  bed,  resembling  closely  the  "  Big  vein"  of  the  Cumberland  region, 
and  is  rarely  met  with  in  the  outlying  patches  of  the  AUeghanies.  We  have 
been  at  some  trouble  and  expense  in  personally  investigating  this  inter- 
mediate cool  deposit,  for  the  purpose  of  following  closely  the  change  from 
anthracite  to  bituminous,  and  obtaining  a  connecting  link  to  identify  the 
seams.  We  submit  the  result  confidently,  as  the  best  evidence  of  the  cor- 
rectness of  our  propositions. 

BARCLAY,  OE  TOWANDA  COAL-FIELD. 

The  Barclay  coal-field  lies  about  20  miles  in  a  direct  line  northwest  of 
the  North  Mountain  coal-field,  and  in  the  second  basin  northwest  of  the 
Alleghany  escarpment, — as  the  North  Mountain  is  the  first,  and  lying 
immediately  along  its  first  plateau. 

The  Barclay  consists  of  numerous  small  patches  of  coal,  lying  on  the 
eastern  branches  of  Towanda  Creek,  and  covering  an  area  of  about  100 
sqoare  miles;  but  of  this  area  not  over  10  square  miles  is  productive  of 
workable  coal.  Most  of  the  productive  formation  has  been  denuded, — the 
streams  having  cut  even  through  the  red  shale  in  many  places;  but 
throughout  the  area  of  100  square  miles  the  upper  and  lower  conglomerate 
forms,  perhaps,  the  largest  portion.  In  the  hollows  of  the  conglomerate 
Ae  coal  deposits  have  been  preserved,  as  before  stated,  in  patches,  and  as 
represented  in  figure  114. 

This  is  the  extreme  northeastern  portion  of  the  second  Alleghany  basin, 
and  a  continuation  of  the  Ralston  basin,  which,  to  the  southwest,  forms 
the  Farrandsville  and  Snow-Shoe  basins,  and  continues  by  Ebonsburg, 
Johnstown,  &c.,  as  the  first  basin  west  of  the  AUeghanies;  that  is,  the 
first  or  North  Mountain  formation  ceases  opposite  Williamsport,  and 
does  not  cross  the  west  branch  of  the  Susquehanna  River.  A  deflection 
of  the  North  or  Alleghany  Mountains  to  the  west,  as  far  as  Lock  Haven, 
removes  the  All^hany  escarpment  between  20  and  30  miles  west  of  the 
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line  of  the  North  Mountain,  which  forms  its  escarpment  north  of  tbe 
west  branch,  and  between  the  west  and  north  branches  of  the  Susquehailna. 
The  consequent  result  is  that  the  first  Alleghany  cool-basin  oeases  befim 
reaching  the  west  branch,  and  the  second,  or  Barclay  basin,  becomes  the 
first  basin  south  of  the  west  branch,  and  continues  as  such  into  Maryland, 
where  the  Cumberland  basins  arise  to  the  east  and  become  the  first  Alle- 
ghany formation.  And  here  we  may  call  attention  to  the  fact  that  the 
Cumberland  basins  represent  the  same  pocsition  in  relation  to  the  anthracite 
formations  that  the  first  or  North  Mountain  basin  holds.  It  may  be 
noticed  further  on  that  the  Cumberland  coal  measures  are  closely  identified 
witli  the  anthracite. 

In  the  second  basin,  or  the  basins  west  of  the  North  Mountun  and 
Cumlx^rland  basins,  the  main  seams  are  divided,  and  form  numerous  small 
seams,  but  holding  a  close  resemblance,  nevertheless,  and  presenting  unmis- 
takable evidences  of  identity.  When  the  beds  are  divided  into  nmne- 
rous  thin  strata,  the  intervening  space  is  generally  partially  filled  with  fire- 
clay and  thin  slates,  denoting  the  general  quiet  which  prevailed  while  the 
coal  formation  continued  uninterrupted  in  other  quarters.  The  causes  to 
be  assigned  for  the  interruption,  in  such  cases,  undoubtedly  resulted  from 
an  insufficient  depth  of  water,  or,  in  other  cases,  an  excessive  depth :  dtlicr 
cause  is  sufficient  to  account  for  deficient  beds,  as  is  demonstrated  in  Ae 
numerous  coal-basins  which  we  have  explored.  For  instance,  the  deep 
basins  of  Pottsville  present  the  lower  beds  in  thin,  divided  seams^  while  li 
the  extremities  of  the  same  field,  where  the  basins  must  have  been  of  mod^ 
rate  depth,  the  seams  are  largely  increased ;  but  invariably,  where  thert 
exists  evidence  of  a  very  shallow  basin  and  the  absence  of  the  upper  seao^ 
the  beds  are  thin  and  dividc<l  by  numerous  strata  of  slates  and  shales. 

A  section  of  the  Barclay  basin  presents  a  general  resemblance  to  tint 
represented  in  figure  115,  with  the  difference  only  of  a  division  of  th 
principal  seams;  and  yet  they  are  less  "split  up"  than  fiirther  west  V« 
invite  attention  to  this  subject,  since  it  leads  directly  to  the  conclusioD  ^ 
merly  advanced  of  a  division  of  the  principal  white-ash  beds  in  a  westen 
direction, — a  fact  which  the  evidence  demonstrates. 


Note. — Our  readers  hare  noticed  that  we  used  the  word  "rein"  instead  of  "i 
"bed''  in  the  anthracite  regions  as  the  local  name  of  the  coal-strata.  We  admit  this  to bi 
a  misnomer;  but  the  habits  or  customs  of  a  trade  or  profession  warrant  the  use  of  nA 
tocbnical  phrases  as  hare  been  adopted  by  them.  The  anthracite  miners  inTariablj  etfl 
the  coal-beds  "reins,"  though,  strictly  speaking.  Tcins  are  nerer  stratified,  bnt  refer  ii 
mineral  Teins  or  lodes  which  trarerse  the  gneiss  or  granite  rocks  without  regard  to  stittl* 
fication  or  clearage. 

In  future  we  shall  use  the  proper  names  to  distinguish  the  coal-strata,  either  as  bediflt 
seams,  since  the  term  vein  is  not  used  outside  of  the  anthracite  regions  in  reference  to  tki 
coal-strata. 
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Vertical  Section  at  the  Barclay  Minee. 

Feet   Inehei.  Feet    Inohes. 

Snrfiuse  soO 3        0 

Sandstone 5        0 

Iron  ore 2        0 

'Coal 8         0 

Slate....  0  4 

Coftl 7         0 E...<  Coal 1  6 

Slate....  0  7 

,Coal 2  0 

Sandstones,  sliale,  and  ore 50        0 

Coal 3        6 D 3        6 

Sandstone f. 31         0 

Coal 3        0 C 3        0 

Sandstones,^    shales,      fire-clay,  > 

iron,  &c.' 100        0 

Coal ;. 5        0 B 5        9 

Conglomerate  and  sandstone 20        0 

Codl 2        0 A 2        0 

The  Barolsj  coal  makes  an  excellent  steam-fuel.  It  is  a  cby  bituminous^ 
cokes  with  difficulty  or  not  at  all^  and  contains  but  a  small  amount  of 
fcitomen  and  but  little  impurity.  We  should  judge  it  to  be  a  good  furnace- 
eotly  particularly  that  of  bed  B,  or  the  lower  large  workable  seam^  and 
that  it  might  be  used  raw  in  the  blast  furnace. 

The  coal  is  mined  with  much  ease^  though  not  on  the  most  economical 
phn.  The  size  of  the  seams,  the  character  of  the  top  rock,  and  the  abun- 
diooe  of  timber,  all  point  out  the  ^Mong  wsll"  advancing  as  the  true 
ttd  most  economical  method  in  all  such  localities  above  water-level. 

The  Barclay  mines  are  located  about  16  miles  southeast  of  Towanda; 
tod  a  railroad  of  that  length  connects  tiie  mines  with  the  North  Branch 
Canal  at  Towanda.  The  market  for  the  Barclay  coal  is  extensive,  and 
ntpidly  increasing  in  the  Northwestern  cities  and  manu&ctories.  It  is 
tvailable  for  most  purposes  for  which  anthracite  is  used,  and  is  also  appli- 
cable in  place  of  the  richer  bituminous  in  many  cases.  .By  good  manage- 
ment the  Barclay  mines  ought  to  be  very  remunerative  to  the  operators. 
There  is  a  drawback,  however,  in  the  uncertainty  of  canal  navigation,  and 
the  interruption  in  winter.  A  railroad  is  much  needed  up  the  north  branch 
of  the  Susquehanna,  for  the  development  of  the  resources  of  this  peculiar 
region,  and  the  transportation  of  its  coal,  timber,  &c.  Yet  the  energy  and 
enterprise  which  made  the  Delaware  &  Hudson  Canal  Company—- one  of 
the  most  suooessfiil  of  our  coal  companies — would  effect  the  same  thing  for 
the  Barclay  Coal  Company.  Coal  enough  might  be  transported  during 
the  summer  to  supply  the  consumers  of  the  Barclay  coal  during  the  winter. 
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THE  RALSTON  BASHTS. 


ThiB  18  a  continaation  of  the  Barclay  basin^  and  oonsisfa  of  a  tern 
patches  of  the  coal  measures,  containing  onlj  the  lower  beds,  whidi  c 
much  divided  or  ^^  split  up"  by  intervening  slates  and  fire-clays.  We  gi^ 
a  section,  to  show  the  change  of  the  measures  in  the  second  basuL 


Section  at  the  RdUtan  Mne$. 

Feet    Inohti. 


Slates  and  Bandstoncs 
Coal,  C 


Sktcs  and  sandstcDes. 

rCoal, 


Feet 
.  20 
.    1 
.  30 


Goal,  B. 


Fire-clay 3 

Slate 4 

'  Coal 3 

Fire-clay 10 

Coal 1 

Slates  and  sandstonee 

rCoal 1 

Slates,  &c 10 

Coal 1 

Shale 4 

Coal 0 


0   ^ 

0 

0 

0 

0 

6 


23} 


30 


Coal,  A. 


0  1 

0 

0 

0 

6 


16i 


Conglomerate 10 

The  heavy  sandstones  dividing  these  seams  are  consistent  with  tbor 
position  in  other  localities,  while  the  series  of  thin  slates,  fire^ys,  &^ 
dividing  the  seam  itself  are  uniformly  consistent  with  the  slaty  divisQi 
occasionally  found  in  the  same  seams,  even  when  solid  to  all  appeaxmoe 
The  partings  are  nearly  always  to  be  seen,  but  of  smaller  dimensions  whff 
the  seams  are  compact 


THE  BLOSSBUBG  BASIN. 

This,  as  before  observed,  is  nearly  west  of  the  Barclay  and  Balston,  an 
is  the  northwestern  extremity  of  the  third  All^hany  basin.  The  coal  he 
(X>ntains  more  bitumen  than  the  Barclay,  but  still  is  classed  among  thedr 
free-burning,  bituminous,  or  steam  coals. 

The  Blossburg  mines  are  located  in  Tioga  county,  Pennsylvanu,  tf 
are  about  40  miles  east  of  Coming,  on  the  York  &  Erie  Bailroad,  iri 
which  they  are  connected  by  raiL  The  location  of  this,  the  third  ban 
is  about  ten  miles  northwest  of  the  second  basin  at  Ralston. 

Like  all  other  detached  basins  of  the  Alleghany  coal-field,  this  is 
assemblage  of  coal  deposits,  separated  from  each  other  by  deep  efoeioa 


THE  BLOBSBTTBG  BASZHB.  SlZ 


bat  formii^  part  and  ptroel  of  the  great  original  ooal-field  which  onoe 
existed  unbroken  throughoat  thifl  vast  region,  now  broken  into  detached 
baains  and  elevated  plateaus  by  the  denuding  action  of  water.  The  area 
cocupied  by  this  portion  of  the  third  basin  is  probably  about  60  square 
adles,  of  which  one-half  may  contain  the  lower  seams. 

Section  at  Ae  BhuXmrg  Mm$. 

FMt    InohM.  FMt    IkM^M. 

Coal 3        0  ^ 

Slate8,&o 20        0    V E 28  0 

Coal ; 5        0  j 

Sandstones...^. 40  0 

Coal \ 2        6 D 2  6 

Sandstones  and  slates SO  0 


J  }  ..........0 


4        6 


■B 30 


Coal 1        6 

Kre^ay 3 

Slates 20        0 

Goal,  Morris  bed. 8        6 

Fire-day 6        0 

Coal 2        0 

Skte. 6        0 

Coal 1        0 

Slate 3        0 

CoaL 0        6 

Slates 6        0 

Coal 4        0 

Slates,  sandstones,  &o 40        0 

Coal A 1        6 

Conglomerate 0        0 

During  our  last  visit  to  the  Blossburg  mines,  by  the  invitation  of  Dr. 
Morris,  of  the  Blossburg  Company,  we  spent  a  day  with  much  pleasure  in 
going  through  the  mines  and  examining  the  works.     The  Morris  bed  was 
the  only  one  worked  at  that  time  by  the  company.     It  is  the  upper  part 
of  the  lower  seam  B,  according  to  our  judgment,  and  makes  a  bench 
of  beautiful  and  pure  coal.     The  location  of  the  mines  was  a  serious  error, 
since  the  gangways  are  confiued  to  a  limited  area,  on  account  of  the  dip  of 
the  seam,  which  is  fi*om  the  gangways  on  the  lower  side.     Instead  of  open- 
ing the  coal  on  the  west  face  of  the  mountain,  or  the  Blossburg  side,  the 
opening  was  made  on  the  southeast  side,  or,  rather,  towards  the  top  of  the 
plateau.    This  error  not  only  led  to  a  great  expense  in  building  the  rail- 
road up  the  mountain,  a  distance  of  several  miles,  but  also  located  the 
mines  to  the  rise  of  the  coal,  or  towards  the  outcrops ;  while  a  location  on 
the  front  face  would  have  been  much  more  available  not  only  for  the 
drainage  of  the  mine,  but  much  more  economical  for  mining  and  shipping. 
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We  uiidcrataDd  some  of  these  difficulties  have  since  been  removed.  We 
incntly  mukc  these  remarks^  as  we  have  done  on  several  oocasions,  to  call 
nttentiun  to  these  often-repeated  errors  of  location  which  arise  from  the 
want  of  a  little  geological  and  mining  experience. 

U'he  gentlemen  in  charge  of  the  Blossburg  mines  at  the  time  of  oar  vist 
wrn^  not,  however,  responsible  for  the  errors,  since  they  had  been  com- 
niittinl  iK'fore  their  administration.  We  shall  not  soon  forget  our  ramble 
thn>ugh  these  mines,  or  the  exertions  we  made  to  keep  up  with  Mr.  Young 
during  a  long  ^-alk  on  ^^all-fours^^  through  the  intricate  avenues  of  a  three- 
l«H«t  Hut  sMuun.  But  the  pleasure  derived  fix)m  seeing  for  once  in  this  conntij 
I  hi*  **  long  wair*  advancing  practically  in  use,  compensated  for  our  labor. 

Tho  (HMil  fnnn  this  small  seam  was  mined  about  as  cheaply  as  the  coal 
\\\\\\\  wwx  »U)^tivt  Mammoth  seam  in  some  localities.  The  miners  had  always 
ntio  **  Khm««  ond/*  and  the  breasts,  or  chambers,  were  carried  wide.  The 
ImgUm.  oi  liiimll  itirs,  had  broad,  flat  flanges,  and  would  run  with  as  much  ease 
(111  llio  \\\\v\\  U»ttoin-nvk  of  the  scam  as  on  the  rails:  therefore  these  small 
i«irQ  H\rro  takvii  dirtvt  to  the  coal,  and  a  single  handling  only  was  required. 

riuuit  in  ut  K^ast  one-lialf  difierence  in  the  cost  of  mining  the  same 
r4Uil.  'I'Imt  is,  the  best  mode  is  one-half  less  expensive  than  the  wont 
iiKuiu:  thu  iHMt  18  the  long  wall,  or  the  ^^  board  and  wall;''  and  the  wois^ 
till',  uurrow  chambers  and  parallel  pillars.  The  most  expensive  modetf 
liiiii-e  A*iM|uently  practised  in  this  country  than  the  most  economical. 

lldow  will  be  found  the  statistics  of  coal  shipment  fix>m  the  Blossboig 


»  CoBXixG,  N.  Y.,  July  81, 18d5. 
8   Harries  Daodow,  Esq.: 

Dkab  Sib  : — Yours  of  27th  inst.,  requesting  to  be  furnished  with  statement  of  eoal-sbip- 

iiivntH  over  the  Blossburg  Railroad,  is  receiyed.    Below  I  gire  jou  account  of  coal-shipoeBti 

tVom  Blossburg  to  Corning  for  a  series  of  years. 

For  year  ending  October  31,  1853 45,507  tons. 

•*       "         *•  "      1854 70,214  «* 

"       "         "  **      1855 73,204     •* 

*«       "         "  «*      1856 70,«69  ♦« 

"       **         "  "      1857 94,814  *« 

••  14  months  ending  Dec.  81,  1858 41,894  ** 

"  year  "  •*      1859 48,592  " 

"     **  "  "      1860 96,918  " 

*«     **  ««  "      1861 112,712  " 

"     "  «*  «*      1862 179.334  " 

"     "  ««  •*      1863* 235,848  «* 

•«     "  "  "      1864 884,977  " 

1,454,178    "     2000  lbs.  en*. 

For  six  months  ending  June  30,  1865 52,857     " 

Yours,  respectfully, 

A.  C.  Stbarns, 
Oeneral  Affent  Tioga  BaUroad  Compact' 
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THE  PHILADELPHIA  ft  EftlE  BAILROAD. 

ailrood  runs  along  the  northwestern  margin  of  the  main  Alle- 
lal-field,  £rom  Lock  Haven  to  Warren.    At  several  points  this 

into  the  main  coal-field,  which  extends  unbroken  to  the  south 
liwest;  but  to  the  northeast  the  coal  exists  only  in  patoheSi  as  we 
oribed.  At  a  few  points  along  the  line  of  this  road  the  lower 
iescribed  in  the  Barclay  and  Blossburg  coal-fields,  exist  .in  oon« 

bodies;  but  generally  the. field  is  much  broken,  and  only  the 
ists  in  workable  quantities.  Coal  is  mined  at  the  Eagleston  and 
dock  mines,  a  short  distance  above  Lock  Haven;  at'or  near  Came* 
on,  Ben^va,  Bidgeway,  Johnsonburg,  and  at  other  points  along 

A  New  York  company  are  operating  near  Cameron,  and  a  Boston 
are  building  a  road  11  miles  long  to  connect  their  mines  with  the 
)hia  &  Erie.  Besides  these,  many  small  operations  are  under  way, 
iderable  coal  has  been  mined  and  shipped  along  the  road  west- 
he  oil  regions,  where  large  quantities  of  coal  are  required  to  supply 
les  employed  in  boring  and  pumping.  Coal  has  been  sold  daring 
the  oil  r^ons  at  one  dollar  per  bushel,  or  $30  per  ton;  but  we 
le  average  price  of  coal  by  the  car  has  been  about  $10  per  ton. 
years  ago,  a  great  portion  of  the  r^on  through  which  this  road 
IS  simply  a  wildeme^.  But  now,  from  Lock  Haven  to  Correyi 
deities  are  growing  up  as  if  by  magic.  Lumbering  establishments 
road  through  all  this  wild  region,  and  immense  piles  of  sawed 
Towd  the  trains  or  are  stacked  along  the  line.  The  quantity  of 
eems  immense;  but,  at  the  rate  at  which  it  is  disappearing,  those 
forests  will  not  darken  the  soil  or  harbor  the  game  much  longer, 
les  are  opened  and  the  minerals  developed  rapidly,  while  salt-wells 
^ells  not  only  exist  in  Venango,  but  from  Lake  Erie  to  Warren, 

farther  east. 

rades  and  distances  of  this  line  from  east  to  west  are  more  fiivor- 
Q  those  of  any  other  line  connecting  the  Eastern  and  Western 

istance  from  Philadelphia  to  Lake  Erie,  via  Lancaster,  Harris- 
1  Sunbury,  is  447  miles;  while  the  distance  from  New  York  to 
*s  is  508  miles  by  the  Erie  and  535  by  the  Central  road.  The 
however,  from  New  York  to  Buffalo  or  Dunkirk  is  considerably 
le  elevation  overcome  by  the  Philadelphia  &  Erie  is  2006  feet, 
iscent  is  gradual.  The  elevation  overcome  by  the  Pennsylvania 
in  crossing  the  Allcghanies  is  2161  feet,  and  the  ascent  is  more 
.  The  Baltimore  &  Ohio  overcomes  an  elevation  of  2620  feet, 
mds  with  sharp  curves  and  successive  descending  and  ascending 
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The  item  of  elevation,  and  oonsequent  faeavv  gndeiy  in  croadi^  the 
AlUr^htinU^OT  connecting  the  Eastern  and  Western  waterSy  is  an  important 
ime.  i'lradea  of  100  feet  to  the  mile  are  difficult  to  overoomey  ud  the 
iixytitm^  of  transportation  are  increased  in  proportion  to  the  increase  of 
th«;  gnulefl.  For  a  heavy  traffic,  the  Philadelphia  &  EIrie  is  the  most 
favoralilc  line  yet  built  But  it  simply  taps  the  Lakes.  Tme,  thcr  snpplv 
a  vast  trade,  which  is  constantly  on  the  increase,  and  will  eveotoaUy  tax 
til  the  utmost  all  the  roads  leading  from  them  to  the  East  Yet,  when 
we  consider  the  productive  area  of  the  Mississippi  Talley,  tlie  r^;ion 
fVom  whirrh  and  to  which  the  greatest  streams  of  trade  mnst  eventoally 
flow,  and  where  men  and  cities  will  be  thickest,  we  cannot  shot  our  eves 
to  the  natural  advantages  possessed  by  Virginia,  or  conceal  the  fiwt  that  a 
little  ent<;rpri»c  and  capital  might  give  to  that  State  the  chief  trade  of 
the  Wi*-Mt.  Had  the  Virginians  a  tithe  of  the  energy  and  vigor  maniiested 
by  tlu)  |MH)i)I(!  of  Pennsylvania  and  New  York,  the  magnificent  roads  at 
llninpton  would  ere  this  have  been  crowded  with  shipping  from  all  parts 
(»f  tlio  world,  ongnginl  in  i)caceful  traffic,  their  cities  and  villages  would 
now  Im)  fliMiriHliing  and  prosperous,  instead  of  lying  in  smoking  rains,  and 
thn  fh^ldM  and  mountjiins  of  their  State  would  be  productive  of  weahli, 
insUm^l  of  \w\\\%  clotliinl  in  weeds  and  ^'old  field  pines''  and  stall  almost 
unknown  to  the  minor  and  the  manufacturer.  But  we  shall  refer  to  ttiii 
nfpiin  In  a  ni<iro  appropriate  place,  and  will  continue  our  descriptian  of 
llio  iMNil-llnld. 

It  will  Inv  notifXHl  on  the  accompanying  miniature  map  that  we  have 
liiMiii  NkirlJiifC  the  great  coal-field,  and  simply  describing  the  oudyiog 
pnl4«lH«M  wlii<*li  cluster  along  its  northeastern  margin.  We  will  now  present 
ft  imitnlmi  lUM^ount  of  the  entire  field,  having  given  the  foregoing  chiefly  fir 
lliu  purpose  of  connecting  the  anthracite  mth  the  bituminous  coal-fieldSi 
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CHAPTER  XVIL 

THE  GREAT  ALLEGHANT  CDAI^VXBIAi 

Hap  of  tlia  AUegbany  Goal-Field— Extent  and  Boandariea— Aria  ia  the  aeTeral  States 
trmTaiaed— JBaatna-nAntleUpali— Coal  Measurea— TluekaeB»— The  (}reai  Basin— Trant- 
varsa  8astie»— Dasoriptien— Coal  Measures,  Gharaeter,  and  Variation— Cannel-Coal 
Beds— VcrHeal  flaatfons  jdantitj  of  the  Coal-Beds— Mammoth  and  Karthansa— Primrose 
and  Ptttabay  BedaHP>ofessar  Lasquereux— Palmontologioal  ETidenoe— An^il  Boek— 
J.  P.  Lsaky-^JBdantiiaationof  the  Lower  Beds— The  Great  Kanawha  Eegion— Alleghany 
€oal-fiald  in  fanmylwania^-Prodiaetion  of  Bituminous  (Joal  in  Penn^jlTaniiH-Xhe 
Ciunberland  Goal  Be^OB—Sroaioa— Sections. 

BE8CBIPTI0N  OF  THE  MA]P. 

The  aooompanying  mimatnre  map  repretents  the  general  extent  §fid 
farm  of  this  great  ooal-field,  wkh  the  prominent  plaoee  and  pouitk    It 
extends  through  porttona  of  nine  States,  via,: — ^Pennsylvania,  OhiO|  Mai;^- 
kndy  Virginia,  West  Yirginia,  Emitacky,  Tennessee,  Georgia,  a^d  Ala- 
hama.     Its  immediate  bonndary  in   Pennsylvania,,  not   indnding  ||ie 
outlying  patches,  extends  from  Loek  Haven,  on  the  vest  bnaneh  of  4ie 
fiosqnehanna,  along  the  AU^hany  xmnge,  southwest,  through  the  ooonCtes 
<yf  Qlearfield  and  Cambria,  to  the  Maiyland  line,  and  northwest^  through 
4ie  counties  of  Clinton,  Elk,  McKean,  Warren,  Crawford,  and  Mercer,  to 
the  Ohio  State  line  at  Greenville,— embracing  a  productive  area  in  Penn- 
Bjrlvania  of  about  12,000  square  miles,  independent  of  the  smaller  outlying 
deposits  before  noticed.    The  prominent  places  near  which  the  coal-margin 
passes  in  its  northwestern  border  are  Lock  Haven,  Farrandsville,  De- 
&ince,  Emporium,  Smethport,  Ridgeway,  Johnsonsbuxg,  Warren,  Tideoute, 
f nmklin,  and  Greenville.    The  boundaries  of  this  great  coal-field  con- 
tinue from  Greenville,  in  Mercer  county,  Pennsylvauia,  west  through 
■Trumbull,  Portage,  and  Summit  counties,  Ohio,  to  Akron.    The  bound- 
*fy-line  thence  runs  nearly  south  through  Ohio  to  the  Ohio  River,  near 
Portsmouth;  crossing  the  Ohio  into  Kentucky,  it  changes   its  course 
lather  more  to  the  west,  but  continues  in  an  irr^nlar  line  through 
^&t  State  into   Tennessee;    pursuing    the    same    southwest    course,  it 
^^I'osBes  the  State  of  Tennessee  half-way  into  Alabama.    In  that  State, 
near  the  Mississippi  line,  it  forms  the  southern  boundary,  and  returns 
.  Vthe  eastern  margin,  in  a  general  northeast  course,  through  Alabama, 
Korth  Georgia,  Tennessee,  and  Virginia,  to  the  Great  Kanawha,  near  the 
Boath  of  the  Greenbrier.    Soon  after  crossing  at  this  point  it  attains 
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I  iMTininin  breadth,  and  changes  its  oouise  nearlj  north  to  the  Maiy- 
tid  line. 

The  length  of  this  coal-field  within  its  productive  area  is  800  miles,  or 
its  extremity  at  Blossburg  876  miles.  Its  maximum  breadth  firom 
imberland,  Maiyland,  to  Newark,  Ohio,  is  180  miles.  Its  minimom 
eadth  is  on  a  line  with  Chattanooga  across  the  field,  where  it  is  not, 
riiaps,  more  than  30  miles  wide.  The  entire  area  is  about  55,000  square 
les,  which  is  diyided  among  the  States  in  which  it  lies  in  about  the 
Iknrii^  ratio:—  . 

Sqnan  Mflti. 

'  BennsjlTsnia. 12,656 

Ohio , 7,100 

Iflsiylsiid 650 

WflstYir^nia. 15,900 

Kentue)gr 10,700 

TennesNe 3,700 

Alabaiua. 4,300 

Oeoqpa 170 

Total 65,076 

The  general  form  of  this  great  coal-field  is  that  of  a  rude  dub,  the 
ttdle  ranging  through  Kentucky,  Tennessee,  and  Alabama,  and  the  head 
adng  on  Virginia,  Ohio,  and  Pennsylvania. 

*The  northern  extremity  terminates  in  five  prongs,  or  Titanic  fingers: 
bb  we  have  not  represented  on  the  map,  since  the  scale  is  too  limited  to 
dmit  of  this  feature  being  portrayed;  nor  have  we  marked  the  prominent 
tDticlinals  of  Negro  Mountain,  Laurel  Hill,  or  Chestnut  Bidge,  which 
Inge  longitudinally  along  its  eastern  margin  through  the  southern  portion 
t  Pennsylvania,  Maryland,  and  part  of  West  Virginia. 

The  field  undulates  from  east  to  west,  forming  six  principal  basins  and 
tve  prominent  anticlinals,  independent  of  the  Maryland  basin.  The 
iBtem  axes  are  more  abrupt  and  narrow  than  the  western,  as  shown  in 
ignie  4,  which  conveys  an  approximate  idea  of  the  general  form  of  the  field. 
Hie  coal  measures  are  divided  by  Rogers  and  other  geologists  into  three 
ir  four  series  or  groups.  We  do  not  propose  to  make  more  than  two 
livinoDS,  into  which  the  coal  measures  are  naturally  divided.  That  is,  the 
ower  J)eds,  under  the  Mahoning  sandstone,  corresponding  with  our  white- 
A  ooals  in  the  anthracite  regions  and  the  upper  beds,  or  those  above 
kis  sandstone.  The  lower  group  naturally  occupies  much  the  larger  area, 
D  the  principle  represented  in  figure  92,  where  it  may  be  noticed  that 
te  lower  beds  occupy  a  much  larger  area  than  the  upper  ones,  though 
le  strata  pitch  much  more  abruptly  in  the  anthracite  than  the  bituminous 
gions. 
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In  figure  92,  A,  B,  C;  D,  and  E  constitute  the  lower  group  of  wbite-ask 
scams,  as  they  constitute  the  lower  group  in  the  bituminous  fields.  Bat 
here  they  spread  out  in  a  nearly  horizontal  manner^  and^  of  oouKBe,  cover 
a  correspondingly  greater  amount  of  area. 

In  all  probability,  the  lower  beds  occupy  three-fourths  of  the  entixe  $m 
of  this  field,  where  the  upper  beds  do  not  exist:  that  is,  the  upper  beds^or 
those  lying  over  the  Mahoning  sandstone,  do  not  occupy  more  than  ODe> 
fourth  the  area  of  the  coal-field.  The  upper  beds,  in  fact,  are  confined  to 
a  limited  area,  as  the  red-ash  beds  are  in  the  anthracite  fields.  Thqr 
occupy  a  portion  of  this  field  in  the  southern  part  of  Pennsyh'aiui, 
Maryland,  Virginia,  and  Ohio,  and  may  exist  to  a  limited  extent  in  the 
deepest  portions  of  the  measures  in  Kentucky.  But  in  the  Western  coal- 
fields the  upper  beds  do  not  exist. 

The  numerous  water-courses  that  traverse  all  parts  of  this  great  field 
have  cut  deep  valleys  through  the  coal  measures,  in  many  places  fiir  belov 
their  base ;  but  generally  the  valleys  exist  in  the  coal  measures  and  at  the 
expense  of  the  coal.  Not  less  than  onc-thinl  the  entire  amount  of  coal 
has  been  thus  denuded  by  eroi>ion.  It  will,  therefore,  appear  evident  that 
we  can  only  estimate  approximately  the  total  thickness  of  coal ;  since  Dooe 
but  the  lower  beds  approach  the  margin  of  the  field,  and  the  upper  beds 
occupy  but  a  small  area,  while  all  portions  of  the  field  have  sufiered  moch 
from  erosion.  The  total  thickness  of  the  seams  ranges  from  60  to  75  feet: 
perhaps  50  feet  total  workable  thickness  would  be  an  average,  where  the 
upper  and  lower  groups  exist.  But  we  cannot  estimate  more  than  half  the 
aggregate  thickness  as  productive  throughout  the  entire  field.  We  haw 
given  30  feet  as  the  total  workable  thickness  of  the  coals  of  Pennsylvaniiy 
and  20  feet  as  the  aggregate  of  the  United  States ;  and  both  are  the 
maximum  limits.  The  amount  of  available— or  what  we  now  call  woik- 
able — coal  is  much  less;  but,  under  a  system  of  economy  that  might  and 
should  be  applied  to  our  coal-beds,  perhaps  the  estimate  is  reasonable^  and 
it  is  certainly  within  the  bounds  of  all  such  calculations.  Under  our  pie- 
sent  wasteful  style  of  mining,  however,  and  our  rejection  of  all  seams  onder 
three  feet  as  unworkable,  the  estimate  is  one-half  too  much;  that  is,  thepio- 
ductivc  yield  of  this  great  coal-field  would  be  fifteen  feet  total  thickneB8» 
instead  of  30  feet, — 22,500  tons  per  acre,  instead  of  45,000  tons.  But  hen, 
as  in  the  English  coal-fields,  we  have  estimated  all  seams  over  12  indies 
in  thickness. 

THICKNESS  OF  THE  ALLEOHANT  COAL  BIEASUBES. 

There  are  several  interesting  geological  problems  connected  with  the  ooil 
measures  of  this  great  field,  which  if  satisfiictorily  settled  would  go  fiirto 
determine  a  scientific  question  of  some  importance.  As  before  stated,  aQ 
coal-fields  are  basin-shaped,  and  the  interior  is  always  deeper  than  the 
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aterior  portions^ — ^in  other  words,  the  centre  of  the  basin  is  always 
deeper  than  its  outcrops ;  and  this  fact  holds  good  in  the  Alleghany  field  as 
elsewhere.  But  here,  as  in  most  other  fields,  the  coal  is  deposited  in  nume- 
rous basins,  lying  parallel  with  each  other  and  conforming  to  the  general 
geological  strike  of  the  strata.  That  is,  all  our  mountain-ranges  have  a 
general  southwest  and  northeast  course,  and  all  our  great  valleys,  and  con- 
aeqaently  basins,  have  the  same  general  strike  of  axis,  while  their  trans- 
terse  is,  of  course,  the  contrary.  But  these  basins  are  successively  deeper 
as  they  range  from  the  west  towards  the  east,  or  from  the  centre  of  the 
Great  Appalachian  (Mississippi)  Valley.  This  depression  is  not  only  from 
the  west  to  the  east,  but  also  from  the  north  to  the  south ;  and,  though 
there  is  now  no  external  evidence  of  a  southern  margin  to  the  great  basin, 
nothing  is  more  certain  than  that  a  southern  margin  must  have  existed, 
IB  high,  perhaps,  as  the  boundaries  on  the  east,  north,  and  west.  But  these 
boundaries  of  the  great  basin,  or  the  ancient  Appalachian  sea,  as  described 
in  Chapter  III.,  are  not  the  boundaries  of  the  All^hany  coal-field ;  for 
besides  this  great  field  there  arc  two  or  three  others,  perhaps  not  less  exten- 
Bve,  and  several  of  smaller  dimensions,  but  all  within  the  great  basin. 
As  before  noticed,  the  eastern  margin  of  the  Alleghany  field  is  the  eastern 
margin  of  the  great  basin  as  it  now  exists ;  that  is,  this  field  lies  on  its 
etttem  side,  while  the  Rocky  Mountains  and  their  unexplored  coal-fields 
bound  it  on  the  west.  But  the  western  margin  of  the  Alleghany  field 
lies  towards  the  deeper  portions  of  the  great  basin,  and,  as  we  have  said, 
in  the  eastern  portion  of  Ohio.  Its  extreme  southern  limit  lies  far  in 
Alabama,  and  on  the  summits  of  the  mountains  which  tower  over  the  vast 
plains  of  the  Gulf.  The  abrupt  termination  of  the  field  in  this  direction, 
and  the  broken  crags  which  form  the  terminal  points  of  many  of  those 
great  mountain-ranges  which  sweep  down  from  the  north  along  the 
eastern  margin  of  the  great  basin,  and  which  form  its  Atlantic  boundary, 
indicate  a  violent  change  in  the  topography  of  the  South.  The  continua- 
tion of  the  coal-field  was  evidently  far  beyond  the  "  Lookout"  ranges,  and 
its  present  southern  area  bears  no  comparison  to  its  ancient  extent  when 
first  from  the  hand  of  Nature. 

Yet,  while  we  consider  the  southern  margin  of  the  ancient  sea  to  have 
been  along  the  shores  of  Florida  and  the  mountains  of  Cuba  and  Yucatan, 
we  have  no  reason  to  suppose  that  the  coal  formations  originally  existed 
nniversally  along  their  interior  slopes.     It  seems  evident  that  the  subsi- 
dence of  the  crust  was  greatest  in  this  direction,  and  that  the  interior  basin 
must  have  been  always  too  deep  to  admit  of  the  formation  of  coal.     But 
around  the  entire  basin  we  find  coal  wherever  there  is  evidence  of  a  com- 
paratively shallow  sea.     The  depression  of  the  ancient  granitic  or  igneous 
crust  of  the  earth,  and  the  elevation  of  the   Palaeozoic  or  sedimentary 
strata,  have  been  general  along  the  southern  and  eastern  margins  of  the 

21 
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anoieDt  sea.    Tho  change  was  natural,  and,  we  think,  has  been  clearly  set 
forth  in  Chapter  III. 

It  will  be  necessary  here  to  devote  a  few  words  to  tJbe  form  and  chsncfeer 
of  the  great  basin  in  which  not  only  the  All^hany  coal-field  hot  the 
other  great  Appalachian  fields,  which  will  follow  in  this  descripticHi,  eu&L 
The  accom[>anying  illustration,  figure  117,  represents  the  general  fi>rmof 
the  great  basin  from  ea^st  to  west,  on  a  line  with  the  Great  Elanawha,  Ohio, 
Missouri,  Kansas,  and  Arkansas  Rivers,  from  the  Alleghany  to  the  Rocky 
Mountains.  The  section  is  necessarily  approximate,  and  merely  gives  tlie 
general  positions  of  the  great  coal-fields,  and  the  order  of  the  geological 
formations  and  their  peculiarities. 

The  outside  granite  edge  of  the  great  basin  is  6000  feet  above  the  sea  ie 
Southwestern  Virginia,  at  the  head  of  the  New  River, — a  continuation  of 
the  Great  Kanawha,— and  from  10,000  to  15,000  feet  high  in  the  Bodr 
Mountains.  The  succeeding  gneissic  belt  has  less  elevation,  and  succeeds 
the  granite  not  only  on  its  western  but  on  its  eastern  side,  and  laps  over 
the  granite  on  the  margin  of  the  great  basin  almost  vertically,  and  is 
the  interior  horizontally.  Derived  from  volcanic  eruptions  or  the  line  of 
volcanic  vents  existing  in  the  granite  belt  of  the  cast,  it  naturally  over- 
spread the  granite  on  both  sides  of  this  elevated  belt,  and  covered  it  in  all 
the  deep  valleys  or  lower  basins.  This  belt  of  gneissic  or  asoic  rodu  is 
succeeded  by  the  Palaeozoic  or  sedimentary  strata  d,  represented  in  the  Alle- 
ghanies  on  the  east  and  the  Black  Hills  on  the  west;  and  on  or  in  this 
exists  the  coaL 

We  must  here  state  that  our  section  is  conjectural  in  its  western  maigin 
so  far  as  the  coal  is  concerned,  and  also,  to  some  extent,  the  form  of  the 
Palseozoic  strata.  The  general  form  and  character  of  tho  western  maigii 
of  the  great  basin  must  partake  to  a  great  extent  of  its  eastern  featoreB; 
but  we  cannot  state  from  personal  observation  that  the  effects  of  volomic 
action  were  the  same,  or  that  basins  for  the  formation  of  coal  were 
created  in  the  same  manner  as  they  were  to  the  east.  It  is  possible  tint 
the  greater  elevation  of  the  western  margin  left  the  larger  portion  h\^ 
and  comparatively  dry  before  the  advent  of  the  coal  era,  or  the  period  of 
time  when  the  heat  was  tempered  to  the  proi)er  d^ree  to  permit  the  growth 
of  vegetation. 

The  section  we  give  is  miniature  in  scale,  since  we  have  to  comprise 
1500  miles  in  seven  inches:  we  can,  therefore,  only  portray  tho  chief  pointt 
within  the  great  basin. 

The  Alleghany  coal-field,  which  is  180  miles  wide,  is  the  first,  and  lia 
along  the  eastern  side.  It  is  separated  from  the  Central  coal-field  by  tlie 
Devonian  and  Silurian  formations  of  Ohio  and  Indiana,  which  are  over 
100  miles  wide.  The  Central  coal-field  is  as  wide  as  the  Alleghany.  I* 
will  be  noticed,  in  the  small  maps  which  we  give  of  these  fields,  thtl 
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the  scale  in  the  Alleghany  map  is  100  miles  to  an  inch;  while  it  is  onlj  50 
miles  to  an  inch  in  the  Central,  and  f  of  an  inch  to  60  miles  in  the 
Western  field*  The  Wettem  field  in  Iowa  and  Missouri  is  also  from  160 
to  200  miles  wide.  The  extent  of  the  coal  in  Kansas  is  oonjectoral;  tod 
the  same  may  be  said  of  all  to  the  west  of  the  Missoori  River  where  it 
leaves  or  bounds  the  Great  Western  coal-field  in  Missouri.  It  is,  perhaps, 
scarcely  to  be  doubted  that  the  Central,  Western,  and  Arkansas  ooal-fielda 
were  once  united  and  formed  one  immense  area  of  coal  nearly,  if  not  fblij, 
600  miles  square,  or  embracing  an  area  of  250,000  square  miles. 

The  coal  depreciates  rapidly  westward,  and  only  two  or  three  smill 
seams  exist  in  Western  Missouri.  Westward  still,  however,  we  find  coal 
and  coal  formations;  but  most  of  the  coal  west  of  Missouri  and  east  of  the 
Black  Hills  is  tertiary  coals  or  lignites,  formed,  in  all  probability,  in  the 
marshes  and  bogs  of  that  higher  region ;  while  the  coal  formed  in  the 
dee|HT  Itasins  to  the  east. 

The  Eastern  coal-basins  dip  below  the  sea-level;  while  the  Western 
basins,  even  in  Missouri,  lie  from  400  to  800  feet  above  it;  and  while  the 
Silurian  rocks  descend  from  20,000  to  30,000  feet  below  the  coal  in  the 
East,  they  do  not,  perha{)s,  reach  the  sea-level  in  the  West.  It  will  be 
noticed  that  the  ascent  is  gradual  towards  the  West,  and  that  the  Westen 
coal-fields  are  more  uniformly  level  or  partake  less  of  the  basin-shape 
than  the  Eastern  fields,  ^^hile  the  Alleghany  field  presents  th&  faiflb- 
formation  prominently,  the  Central  coal-field  is  only  moderately  basined, 
and  the  Western  coal-field  is  nearly  horizontal.  The  evidence  presented 
here  is  conclusive  as  to  the  formation  of  coal  in  water;  and  the  deeper  the 
l)asins  the  more  extensive  are  the  measures  and  the  more  numerous  the 
coal-seams.  The  sections  presented  fiirther  on  demonstrate  this  fiict  con- 
clusively. Vertical  section,  figure  118,  through  the  AU^hany  ooal-field, 
presents  50  feet  of  workable  coal ;  while  that  of  the  Central  ooal-field,  figore 
128,  shows  only  20  feet,  and  that  of  Missouri,  figure  131,  only  10  to  IdfaL 

We  must  conclude,  tlicrefore,  that  a  shallow  depth  of  water,  formiog 
bogs  or  swamps,  was  not  a  favorable  condition  for  the  production  of  ootl; 
and  this  fact  is  strong  evidence  that  true  coal  is  not  the  production  of  tt 
arborescent  flora.  The  basin-shape,  as  presented  in  irr^ular  fbrmatioif 
also  condemns  the  theory  of  the  elevation  of  the  submerged  portions  or 
the  deep  basins  above  water-level.  It  is  not  probable  that  they  would 
be  elevated  and  depressed  in  spots:  such  a  phenomenon  would  be  nn- 
natural.  The  elevation  or  depression  must  be  gradual  and  general.  Bat 
we  discard  all  such  unnatural  processes  in  the  formation  of  coal.  The 
general  depression  of  certain  portions  of  the  earth's  crust  we  showed 
to  be  consistent  with  the  natural  processes,  and,  though  not  absolutdj 
necessary  to  the  formation  of  coal,  yet  not  inconsistent  with  its  formatioa 

deep  basins;  while  the  fiicts  here  presented  demonstrate  the  propositiooi 


-jt< 
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fiyrm^y  set  forth, — ^that  ooal  is  formed  in  comparatively  deep  basins  from 
the  bituminous  results  of  naphtha  or  carbon  oils  in  connection  with  an 
aqueous  flora,  and  perhaps  the  oils  of  an  arborescent  flora,  compressed 
within  the  coal-strata  and  rising  to  the  surface  of  the  water,  as  all  oils 
must  do  when  released  firom  confinement. 


THE  COAL  MEASURES. 

m 

That  the  Paleozoic  strata  thin  or  depreciate  in  a  westward  direction 
has  been  clearly  demonstrated;  and  we  may  presume  that  the  coal  measures 
are  no  exception  to  the  general  rule. 

But  the  depreciation  of  the  coal  measures  bears  no  proportion  to  the 
depreciation  of  certain  subordinate  rocks.  We  have  seen  that  the  Palse- 
oioio  column  at  Pottsville  is  from  30,000  to  40,000  feet  in  height;  while 
in  the  Central  coal-field,  in  Indiana  and  Illinois,  it  is  less  than  3500  feet. 
But  while  the  coal  measures  in  the  anthracite  regions,  within  the  pro- 
ductive strata,  are  2500  feet  thick,  the  coal  measures  of  the  Great  Alle- 
ghany coal-field  are  about  2000  feet  thick  within  the  productive  measures; 
ind  while  the  coarse  sandstones  accumulated  in  the  former  r^ion,  the 
dates,  shales,  &c.  formed  in  the  latter;  while  the  immense  beds  of  anihra- 
die  eoal  were  forming  in  the  East,  limestonea  accumulated  in  the  West: 
both  required  seasons  of  rest  and  quiet.  Therefore,  less  depreciation 
appears  in  the  coal  measures  tlian  in  the  rocks  on  which  these  measures 
rest  In  figure  117  the  measures  or  coal-fields  appear  to  depreciate  rapidly 
m  a  westward  direction,  and  this  is  really  so.  But  this  depreciation  is 
doe  more  to  the  absence  or  want  of  the  measures  containing  the  upper 
coals  than  to  a  thinning  of  the  strata. 

The  Pittsburg  coal  G  does  not  exist  west  of  the  Ohio  to  any  great 
extent.  It  may  appear  on  the  highest  points  of  the  Illinois  Central  coal- 
field, but  never  westward  of  that  locality. 

The  natural  position  of  the  Mammoth,  or  E,  is  beneath  the  Malioniug 
sandstone,  and  as  the  Primrose,  or  6,  is  the  next  seam  of  importance  above 
this  sandstone,  we  must  assume  it  to  be  the  Pittsburg  bed.     The  evidence 
of  this  identification  is  complete.     First,  the  distance  from  A,  or  the  con- 
glomerate, in  the  Pottsville  section,  or  in  the  anthracite  regions  generally, 
to  £,  or  the  Mammoth,  is  about  400  feet,  and  the  distance  from  A  to  E  in 
the  Alleghany  coal-field  is  generally  about  300  feet.     Second,  the  iron  ore 
over  the  bed  B,  accompanied  by  limestone,  is  identical  with  the  ores  found 
over  the  Buck  Mountain  bed  in  the  Lehigh  region,  at  Barclay,  in  Bedford 
county,  and  elsewhere  in  the  East.     Third,  the  iron  ore  under  bed  E  is 
almost  universal  throughout  the  anthracite  regions,  and  in  many  places  in 
Ae  East  it  is  accompanied  by  a  coarse,  calcareous  rock,  identical  with  the 
''Curlew  limestone"  of  the  West    Fourth,  we  have,  in  our  description  of 
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(he  principal  seams  in  the  anthracite  r^onsy  called  pi^calar  attentioii  (o 
the  ^^ splitting"  of  the  beds  in  a  westward  direction,  and  demonstnited  that 
tlie  Buck  Mountain  B  and  the  Mammoth  £  each  divided  into  seveial 
M'ams  as  thejr  ranged  weistwardly;  and,  if  we  notice  the  flections  made  in 
vsirious  Western  localities,  we  will  find  that  these  great  beds  have  their 
rc^presentatives  in  their  proper  places  and  in  uniform  order,  or  are  repre- 
sented by  groups  occupying  their  proper  geological  horizon. 

Wc  must  here  call  attention  to  a  singular  &ct — for  such  we  presome  it 
to  be — in  regard  to  the  cannel-coal  seams.  These  seams  have  no  fidr  repre- 
»'ntatives  in  the  anthracite  regions,  and  arc  not  to  be  identified  genenllj 
in  the  West.  They  always  exist  between  the  great  beds,  and  increase  and 
decrease,  and  improve  and  depreciate  in  quality,  according  to  the  oniformitj 
of  the  measures  and  the  accompanying  bituminous  beds.  SometimeB  these 
<iinnel  scams  are  represented  by  a  small  strata  of  pure  bituminous  ooal, 
and  at  other  times  by  a  bed  of  bituminous  shale,  which  changes  from  shale 
to  bituminous  coal,  splint,  and  cannel,  according  to  circumstances. 

The  first  cannel  seam  exists  over  B,  and  is  synonymons  with  our  C, 
which  is  always  a  variable  seam,  and  generally  small.  The  next  ie  a  split 
from  E,  and  is  one  of  its  lower  benches.  This  seam  is  not  reliable,  and 
only  occasionally  cannel;  but  sometimes  it  is  very  good,  and  3  feet  thick 
on  the  Kanawha.  The  next  and  last  cannel  seam  exists  over  the  Mam- 
moth, or  E,  and  is  sometimes  from  5  to  6  feet  of  splendid  cannel  ooal.  B 
may  be  the  '^  seven-feet"  seam  overlying  the  Mammoth.  This  is  supposed 
to  be  the  celebrated  Peytona*  cannel  of  Coal  River,  in  West  Virginia. 

The  lower  cannel,  or  C,  is  the  most  extensive,  and  the  seam  generally 
productive  of  cannel  coal  in  the  West.  We  have  named  it  "Ganuna''  in 
the  anthracite  regions. 

In  figures  76  and  118  will  be  found  an  identification,  nearly,  of  the 
anthracite  beds  with  the  bituminous  seams  of  the  Alleghany  ooal-fidi 
The  size  of  E,  as  given  in  figure  118,  is  larger  than  given  hyBagBO, 
Lesley,  or  most  of  our  geologists  who  have  written  on  the  bituminous  coal* 
tit^lds.  But  it  appears  evident  from  the  State  Survey,  and  the  fiicts  which 
Tiiay  be  gathered  concerning  this  seam,  as  the  '^Elk  Lick  coal"  in  Sometiet 
( ounty,  Pennsylvania,  the  great  bed  at  Karthause  and  Clearfield,  Penih 
sylvania,  and  the  great  upper  coal-bed  on  the  Kanawha  and  Coal  Riven 
in  West  Virginia,  that  E  is  equally  as  large  as  6.  In  feet,  this  bed  it 
frequently  larger  than  the  Pittsburg  seam,  and  as  good  and  pure^botit 
is  not  quite  so  regular.  The  same  may  be  said  of  the  Mammoth  in 
the  anthracite  regions;  though  the  Primrose  bears  no  comparison  to  it 
there. 

*  There  is  Bome  doubt  in  relation  to  this  seam;  we  are  not  certain  as  to  its  identity. 
Late  developments  seem  to  place  it  above  £;  but  Lesley  places  it  abore  B,  and  synoByiDMi 
witbC. 


mm 
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Iliiir  lait  Ih'  no  iliMiht  of  tlio  fac*t  that  the  great  Cumberland  bed  is 
(ilnihwil  with  K,  or  tho  Mammoth.  It  has  been  mistaken  for  the  Pitts- 
l>uu;  UsI;  but  a  I'sinYuI  examination  of  its  position,  character,  and 
ii.A\Mn|viii\iu:;  >oams  ami  strata  will  i.\)uviuoe  any  practical  man  of  this 
uUiaux,  Kivm  ihc  cSVr:^  :o  idttuify  this  great  bed  with  the  Pitteboig 
K\l  '.'.uuli  \\»ufusu>u  ha*  ariHn.  This  has  led  many  to  suppose  the  Mam- 
iiu^'.^i  .r:.l  thi»  l^KsbcLrj:  Ud  *y-'-ymous;  and  from  this  error  in  the 
H  t  ■.   v;  iv:u:  lite  adst'-  ill  or  z:.>:  of  tho  diflSculty  in  the  identification 

i^^r'     l\v.  ^  ■\t*  i*s    :\Liv:  :r?::>i  in  his  sections  at  Wilkesbarre  and 
l*"    >   •      ^-^      ■*.   *■:  ;».>c-v:.  -V'-t-  ".•.:  Tr  rl  L<.<i^uereux,  of  Columbus,  Ohio, 
'  -:     '.    .»  ■  "..^' I?    .:    :  >  '•'  :>:  *v.   ?*:•.::  ::i?:  and  in  this  respect  Pro£ 
*.  .'^       >.*.  •  >  1  >».   »  I-    i'.\.~     :j.        «.• ::  l.u  inro  error, 

f  k     :»  *,•■."    :;.iv:  ::.s.  ^.-.  iri?  \Ti:h  invidious  intention,  since 
■.-v       X.   •^•.  x*v    ^♦.  •^>^>    i-"^    ;  I  :.:.-.•:  :o  our  admiration   for  their    ; 
>.  '    -^     '..     \     \>k!  '    ■*  -'"   :  i:  :^-  at.W'Stfity  of  starting  right 

.    '••  ..    -.^    •  ^  :.-.  :.!:?  :-•--   l.'::!  :'  r  i  (»mplete  identification  of 

*     ^         •  ^  ^     '^         .   r   '.->-  ri^>  -n:.;.  ■,  i-:  j^is  es^tablished  by  hispolie- 

•>%.>-•     ^     .'J  ,-.ciiiari-on  of  iliv    :*'«$il   flora  and  organic 

...        I-      ^    Jte  rv-{K*<.tive  seam?:  V-:  we  notice,  also,  that  he 

i    -Miajo?  on  impcrftrt  sci^iir^Sw  and,  while  he  accepts 

-.'.i.'.  LC  will  ix'  i III] jossi !)!«' to  arr!v:^  at  any  general  and 

-.  11.      U'..'  uiu<t  arii  now  led  «^i»,  howovtT.  that  we  owe  much 

..:..;    L.j>;cy  tor  thi^  coiiclusitMis  wc  L::-.--.  arriveil  at;  but,  in 

.  ,      jv."  -i:iLa  available,  we  have  s|)(iit  n:u  1.  patient  labor  ami 

.,wi..u>  [.ersv>iial  inve.sti«^ations  of  doul>::'.:l  j<>ints  and  locali- 

._.     ,.    iiMiry  ami  cunmn't  the  llu-ts  they  have  elucidated  with 

■  -^'^  -^^iil*  1"  the  preeediug  pages  in  reference  to  the  identifi- 

.  \  ^*>^i  "  •'»'<""  all  the  hx-al  sections  of  the  Pennsylvania  sur- 

...      i..r»uiined    data   are   c^peeially  worth    mentioning.     1st.  The 

'  »''»»■  <'ui'li*w  limestone,  wliieh  in  Pennsylvania  is  called  Free- 

..    ..lone.  and  is  generally  plaml  6  to  lo  feet  above  our  No.  3  coal. 

\  u     ,,Miii-.lrnry  of  the  fernfcrom  limestone  between  Xo.   1,  B,  and 

y  ..»  iKo  plan^  oeeupied  by  our  eoal  C.     It  lies,  as  in  Kentucky,  10 

. .    M »  .. .  *   ilMive  No.  1,  B,  and  is  generally  aeeomi)anied  by  calcareous  ores." 

It   iii.ii  ti|i|M'ai-H  that  the  "Curlew  limestone'*  lies  below  E  and  betwtxja 

I    ,.i  I  l».  Mtiil  Lcsqucrcux  denominates  E  as  Xo.  4,  and  he  finds  bypohe- 

,.„».. I  .,ii...il  ividcnw  that  Xo.  4  of  Western  Kentucky  is  also  in  the  \ncinity 

,,i  iliii  llillimiin!  l)ed  at  Wilkesbarre,  Pennsylvania;  and,  since  we  have 

I  |,.ii(in<^il  iIm'  Miillimore  l)ed  beyond  a  doubt  with  the  Mammoth  of  Schuyl- 

Itlll  •'♦'HiHy,  reunMylvania,  this  fact  is  thoroughly  established,  and  there 
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in  be  no  room  tor  doabt  that  the  Mammoth  is  identical  with  the  Freeport 
eds  or  the  aeams  of  that  group. 

LeBquereox  also  identifies  B  of  our  nomenclature  with  B  No.  1  in 
Featem  Kentucky;  but  he  falls  into  error  by  calling  B^  or. the  Buck  Moun- 
uiiy  ^ffte  Mamnujih"  But  this  error  evidently  arises  from  the  confusion 
P  the  Wyoming  sections  made  in  the  State  Beport;  and  this  simple  mis- 
omer  cannot  invalidate  the  &cto  set  forth  in  the  forgoing  quotation  from 
ieaqiMieux's  pakeontological  report  in  the  Kentucky  survey. 

From  this  and  other  errors  arising  from  incorrect  data,  we  think  this  emi- 

iSDt  professor  of  palseontology  has  &llen  into  the  mistake  of  placing  all  the 

Bosl-seams  of  the  anthracite  regions  of  Pennsylvania' beneath  the  Pittsburg 

bedi  or  even  below  the  Mahoning  sandstone;   whereas  all  the  evidence 

gM  to  prove  that  the  highest  coal  at  Pottsville  is  at  least  cotemporaneous 

lith  the  ^^  Anvil  Rock/^  the  counterpart  of  which  may  be  found  over  our 

K,  or  the  Tracys.    It  is  not  only  the  hardest  rock  in  the  coal  measures, 

hi  to  all  appearance,  except  in  thickness,  it  is  the  perfect  counterpart  of 

tte  Anvil  Bock  of  Kentucky. 

=  In  treating  of  the  lower  coal, — viz. :  our  white-4udi  coal  of  the  anihrar 
\Mk  v^ons, — Prof.  J.  P.  Lesley,  in  his  '^  Manual  of  Coal,*'  agrees  precisely 
^tHh  us  in  their  distribution  and  character. 

^  'The  Loweb  Coads  form  in  Western  Penn^Ivania  a  system  by  ihem- 
;  wo,  as  has  been  said  already.  Clinging  as  it  were  to  the  feoe  of  the 
^tagfomerate,  the  lower  system  fared  better  than  the  upper  one,  and  has 
ken  lefl  to  cover  an  immense  area.  In  feet,  it  forma  by  &r  the  largest 
pwt— perhaps  four-fiflhs— of  all  the  coal  remaining  on  the  surface.  In 
Ohio— except  near  Wheeling — and  in  all  the  Western  States,  it  is  the  only 
wJ,  and  may  have  been  originally  the  only  coal  deposited. 

".  .  .  .  Wherever  the  dip  is  gentle,  this  lower  coal  system  prevails, 
fte  upper  being  swept  away ;  but  where  the  dip  is  steep  and  in  the  middle 
rf  the  narrow  troughs,  it  receives  the  upper  system  on  itself.  It  fiimishes 
Ae  beds  of  Northern  and  Western  Pennsylvania  as  far  south  as  the  Cone- 
luiagh  or  Kiskiminetas,  those  of  the  Alleghany  River,  and  all  the  country 
*Whwestward  of  the  Ohio.  It  occupies  the  west  and  south  of  Virginia, 
•nd  provides  the  coal  of  Kentucky*  and  Tennessee.  The  cannel  is,  per- 
haps, exclusive  of  this  system. 

'**....  At  that  time  [referring  to  the  early  survey  of  Pennsylvania]  a 
Uige  bed  in  the  up{)er  part  of  the  system  was  femiliarly  called  the  'Elk 
tick  coal,'  from  its  locality  near  the  romantic  fells  of  that  name  in  Somer- 
set. This  bed,  which  is  the  upper  Freeport  bed  of  the  Kiskiminetas  and 
iJleghany  Rivers,  seems  to  be  represented  by  the  large  upper  coal  of  the 


«  This  refers  to  Eastern  Kentucky,  or  the  AUeghany  ooal-fleld  in  Keniuolcy,  and  not  the 
of  the  Central  coal-field  in  Western  Kentucky. 


330  THE  GREAT  ALLEGHANY  OOAL-FIELD 

Kanawha  and  Coal  Rivers  of  Virginia,  and  by  the  great  bed  at  Kartlitnie 
and  Clearfield  to  the  north.  It  marks  the  upper  limit  of  the  lover  ootl- 
beds;  and  is  covered  at  no  great  distance  by  the  remarkable  g^n^ftf^w* 
strata  hereafter  to  be  discussed  [the  Mahoning  sandstone]. 

''This  coal-bed  sometimes  rivals  the  Pittsburg  bed  in  sise  and  parity  of 
minerals,  but  wants  its  regularity.  This  is  its  &ult  in  oommon  with  all 
the  beds  of  the  lower  system :  they  cannot  hold  their  own  for  any  grot 
distance  in  any  given  direction.  This  is  particularly  true  of  the  ki^  bed 
n  [Buck  Mountain],  which  lies  nearly  upon  the  conglomerate,  and  seems 
coextensive  with  the  coal-field. 

"  At  Towanda,  on  Broad  Top,  at  Johnstown,  on  the  Tennessee  River, 
even  at  St.  Louis,  its  sections  are  scarcely  to  be  told  apart.  Everywhere 
it  is  about  50  feet  above  the  conglomerate;  everywhere  it  has  a  small 
satoUite  some  yards  below  it;  everywhere  it  is  itself  a  variable  stiatam 
from  five  to  twenty  feet  in  thickness, — a  double  betl,  with  an  even  roof  and 
an  uneven  floor,  rising  and  falling  stormily  on  a  sea  of  fire-clay,  which 
»uinu'tinu'8  hsis  a  depth  of  thirty  feet.'' 

This  torsi^  and  graphic  description  of  the  lower  coals  demonstrates  clearlj 
the  identity  of  the  Mammoth  with  E,  or  the  Freeport  beds,  and  B,  ortba 
Hut'k  Mountain,  with  the  last-named.  In  fiict,  the  identity  is  minute  and 
unnustaknblo,  as  any  one  who  has  followed  us  will  determine.  It  plaoeB 
tlio  Mununoth,  K,  lK\vond  a  doubt  immciliately  under  the  Mahoning  sand- 
stone ;  and,  siniv  the  Pittsburg  seam  is  immediately  above  it^ — the  small 
ikuiui  F  only  intervening, — there  can  be  no  doubt  in  relation  to  its  idendtf 
with  the  l*rinin>so,  or  G. 

It  may  be  noticeil  that  all  our  sections  invariably  show  a  small  seam,  A, 
under  B,  and  our  description  of  B  will  be  found  to  agree  fully  with  tlie 
foregoing  quotation,  with  which  we  not  only  coincide,  but  offer  it  in 
evidence  of  the  correctness  of  our  propositions.     We  may,  therefore,  p^ 
sume  the  identification  to  be  complete  and  satisfactory;  while  the  e^ideneft 
is  such  that  there  can  be  no  difliculty  in  tracing  the  respective  seams 
through  all  our  American  coal-fields,  or  those  of  the  true  Carboniferooa 
era.     The  bed  B,  lying  about  50  feet  over  the  conglomerate,  and  over  it 
the  fossiliferous  limestone  and  iron  ore;  the  beds  E,  immediately  under 
the  Mahoning  sandstone,  and  in  the  vicinity  of  the  Curlew,  or  Freeport, 
limestone;  and  the  Pittsburg  bed  G,  over  the  Mahoning  sandstone  anJ 
accompanied  by  its  peculiar  limestone  and  iron  ore,  are  all  so  easily  and 
readily  distinguished  that  there  can  be  no  mistaking  them.     ConfiisioB 
may  arise  in  localities,  owing  to  the  split  or  separation  of  seams;  but 
the  main  bed  is  always  identical  with  its  prototype,  or  the  accompanviif 
sandstones,   limestones,   or  ores   will    always   indicate   the   bed  and  itt 
identity. 

On  the  Great  Kanawha  the  lower  coals  are  perhaps  in  their  mazimnn 
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best  condition^  and  present  a  magnificent  column  of  14  seams  and 
r  workable  coal. 


THE  ALLEGHANY  COAL-FIELD  IN  PENNSYLVANIA. 

bre  observed,  this  coal-field  embraces  IS^OOO  square  miles  in 
ania,  and  extends  through  24  counties.  Of  these,  13  counties 
mrtially  in  the  coal-field,  and  several  of  them,  as  Lycoming  and 
contain  but  a  small  portion.  Eleven  counties  lie  within  the 
he  coal-field,  but  only  two  of  these  contain  the  upper  series,  or 
:  coal.  The  chief  mining  localities  are  Barclay,  near  Towanda, 
rd  county,  Blossburg,  in  Tioga  county,  Balston,  in  Lycoming 
lellefonte,  in  Clinton  county,  Johnstown,  ifi  Cambria  count/,  and 
',  in  All^hany  county. 

FiQ.  119. 


SECTION  FROM  THE  ALLEGHANIES  TO  CHESTNUT  RIOGE,  NEAR  THE  MAKYLANO  LINK. 

ove  section,  from  Taylor's  statistics,  gives  a  correct  representation 
iin  basins  from  the  Alleghany  escarpment  to  Chestnut  Bidge,  a 
»f  30  miles.  This  section  is  north  of  the  Frostburg  basin,  but 
r  the  Maryland  line. 

Uowing  table  embraces  all  the  available  data,  and  presents  a 
urate  estimate  of  all  the  coal  mined  in  Pennsylvania  from  the 
y  coal-field.  The  items  marked  with  a  star  are  official:  those  not 
1  are  approximate  estimates. 


•   BITUMINOUS   COAL   MINED   IN  THE  ALLEGHANY  COAL-FIELD   IN 

PENNSYLVANIA,  18e4. 

Tons. 

lay  Coal  &  Railroad  Company 64,000 

m  and  vicinity 20,000 

sburg 385,000 

Haven  &  Tyrone  Railroad,  &c 45,000 

ine  of  Philadelphia  &  Erie  Railroad 27,000 

lellsville  k  Pittsburg 146,000 

isylvania  Central  Railroad 960,000 

isylvania  Canal 32,000 

ongahela  Navigation 1,170,000 

e  line  of  the  Youghioghcny 500,000 

c  line  of  the  Alleghany 600,000 

itown  and  vicinity 1,000,000 

her  localities 1,000,000 

Total  tons  of  2000  pounds 5,839,000 
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LOCATIONS  OF  THE 

No. 

&  Baltimore  Coal  Co ... .     1 

oal  Company 2 

al  Company 3 

!7oal  Company 4 

3al  Company.. 5 

3oal  Company 6 

)al  Company 7 

I  Company 8 

>al  Company 9 

II  Company 10 

!!oal  Company 11 

reek  Coal  Company 12 

ontain  Coal  Company ....   13 
d  Coal  Company 14 


CUBiBERLAND  MINES. 

No. 

Manchester  Coal  Company 15 

Cumberland  Coal  k  Iron  Co 16,  17 

Borden  Mining  Company 17, 18 

Midlothian  Coal  Company 20 

Bleanavon  Coal  Company... 21 

Astor  Coal  Company 22 

Consolidated  Coal  Company 23 

New  Hope  Mining  Company 24 

New  York  Coal  Company 25 

Carbon  Hill  Coal  Company 26 

ConsolidiMted  Coal  Company 27 

Ward  Mining  Company 28 

Neff  Biver  Coal  Company 29 


THE  CUMBERLAND  REGION. 

mberland  coal-r^on  in  Maryland  belongs  properly  to  the  Great 
'  ooal-fieldy  though  separated  from  the  great  body  of  that  field 
;h  axis  of  the  Negro  Mountain,  as  shown  by  the  aooompanying 
sections.    Most  of  the  coal-mines  in  Maryland  are  in  the  Frost- 

I,  denoted  by  the  town  of  that  name  on  the  map. 

mberland  coal-region,  or  that  portion  of  the  Alleghany  coal-field 
the  Frostburg  basin,  is  about  6  miles  wide  by  30  miles  long,  or 
area  of  150  square  miles:  some  accounts  make  it  180  square 

hat  portion  of  the  Maryland  coal   lying  between   the  Savage 

5  and  Negro  Mountain,  and  extending  across  the  State  in  a  narrow 
represented  by  figure  120,  contains  about  130  square  miles;  and 

1  or  basin  on  the  Youghiogheny,  between  Negro  Mountain  and 

II,  or  Briary  Mountain,  contains  250  square  miles;  making  the 
of  the  Alleghany  coal-field  in  Maryland  about  550  square  miles. 


Fig.  120. 
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TRANSVERSE  SECTION  OF  THE  ALLEGHANY  COAL-BASINS  IN  MARYLAND. 

sion  or  denudation  of  the  coal-strata  in  the  Frostburg  basin  has 
3sive.  Of  the  100,000  acres  of  coal-area  in  this  basin  only 
}  now  estimated  as  containing  the  Big  vein,  or  the  upper  large 
seam,  and  only  80,000  acres  containing  the  lower  workable  bed, 
ions  farther  on  will  show. 
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The  accompanying  transverse  section,  figure  120,  from  Taylor's  statistics, 
illustrates  the  connection  of  the  Maryland  with  the  Pennsylvania  coal,  as 
shown  in  figure  119.  But  that  section  did  not  embrace  the  Frostbuig 
basin,  as  this  (figure  120)  does. 

The  Frostburg  basin  extends  on  the  northeast  into  Pennsylvaniay  and 
on  the  southwest  into  Virginia.  The  distance  through  Maryland  is  about 
20  miles.  It  is  convex-shaped,  or  an  oblong  basin,  rising  slowly  to  the 
north  and  south,  along  the  strike  of  the  seams,  from  a  common  centre  near 
the  mouth  of  George's  Creek,  or  its  confluence  with  the  Potomac,  and  more 
rapidly  east  and  west,  or  to  the  outcrops  of  the  seams,  on  the  fiu»  of  the 
Dan  and  Great  Savage  Mountains. 

The  rise  of  George's  Creek  from  its  mouth,  near  Piedmont^  to  its  soaroe, 
near  Frostburg,  is  1100  feet.  But  the  rise  of  the  scams  which  strike  in 
the  same  direction  is  not  proportionate  to  the  rise  of  the  streams.  It  will 
be  noticed  in  figure  122  tliat  the  position  of  the  Big  vein  is  nearly  1000 
feet  above  Piedmont,  and  yet  considerably  lower  than  the  town  of  Frost- 
burg. The  longitudinal  rise  is,  therefore,  almost  imperceptible,  yet  sufficient 
to  afiect  the  drainage  of  the  mines  or  scams  in  the  direction  of  the  natnnl 
water-courses  of  the  country.  This  is  a  fortunate  coincidence,  but  one  thii 
is  peculiar  to  all  narrow  basins  in  the  Alleghany  ooal-field,  with  bat  fev 
exceptions,  and  is  in  evidence  that  such  basins  have  not  been  disturbed  hj 
an  elevating  or  contracting  process  since  their  original  formation,  but  duit 
they  were  formed  in  basins  having  much  the  same  form  as  the  coal-basioi 
now  filling  them.  Sedimentary  deposits  in  basins  of  moderate  angles  are 
uniform,  and,  consequently,  the  deeper  portions  of  the  basins  saccessivelj 
])re9erve  their  basin-shai^c,  as  strata  after  strata  are  deposited  therein.  The 
drainage,  therefore,  naturally  tends  to  the  deepest  points,  and  seek  their 
outlets  bv  the  lowest  or  nearest  gaps  in  the  bounding  mountains;  or  the 
awunmlated  waters  burst  their  way  towards  the  ocean  through  the  soik 
mud  barriers  soon  after  the  waters  of  the  ancient  inland  sea  found  vent  far 
the  depression  of  its  granite  rim.  ! 

In  figures  121  and  122  will  be  found  a  representation  of  the  topographr    ; 
and  erosion  of  the  Frostburg  basin.     There  are  some  who  are  disposed  to    ■ 
grumble  ut  the  dispensations  of  Providence,  and  who  would  prefer  to  have    J 
a  larger  slmre  of  the  "Big  vein"  than  nature  has  allotted  them;  but  such  i 
ungrateful  ereaturcs  would  not  be  satisfied  even  if  this  great  bed  lay  nn-    , 
broken  from  Virginia  to  Pennsylvania.     We  may  consider  every  gorge  or 
dee^)  ravine  that  has  been  cut  through  the  coal  measures  of  the  Alleghany 
coal-field  as  adits  or  levels  to  drain  the  coal-basins.     Every  stream,  like    , 
George's  Creek,  which  develops  a  rich  basin  saves  more  millions  in  shafUy 
machinery',  and  constant  expenses  of  operation  than  we  could  now  estimate. 
Were  the  Frostburg  basin  in  the  condition  of  the  Newcastle  coal-field  in 
England, — as  it  would  be  were  it  not  for  the  deep  erosion  of  the  streams,^ 


jaent  and  deep  eroBiona  of  our  great  cofd-fields  a  fortunate  occurreiux^ 


BT«1  of  the  Patam&o  at  the  mouth  of  Qtorgt'i  Cr«ek ;  b,  mouth  of  Qaorge'a  Creek ; 
,  D,  B,  F,  cokl-wsms ;  o,  o,  elfTmtion.  It  will  be  notieed  tbst  Qeorge'i  Creek  U 
iMt  put  of  the  Froitburg  bksin. 

FiO.  122. 


'xm\  IB  repraiented  b;  a,  a;  b  ii  the  mouth  of  Oeorge'i  Creek  »t  Weatomport ; 
U*er;  d,  Laurel  Run;  «,  Koonti  Run;  /,  Bquiirel  Heok  Bnn;  g,  Wrlght'i  Ron: 
burg.' 

le  which  will  eventually  exert  a  great  economy  in  die  derelopmmt 

mineral  wealth  of  our  country. 

Be  sections  represent  pretty  fairly  the  entire  Cumberland  region,  and 
he  9«im9  in  their  relative  position.  The  position  of  the  seams,  how- 
vouUX  be  more  correctly  located  in  a  vertical  section,  which  we  will 
■or  to  pivc  if  we  cnn  obtain  reliable  data  in  time.  But  figures  121 
32  offer  conclusive  proof  of  tlie  geological  horizon  of  the  Big  vein, 
!  identity  with  our  Mammoth  bed  in  the  anthracite  regions.  We  have 
it  l)ecn  able  to  get  tlie  exact  distances  from  the  conglomerate  to  the 
androi'k  over  the  Mammotli,  or  the  distances  between  the  seams ;  but 
sition  and  onler  of  the  seams  correspond  precisely  with  the  sections 
ire  given  in  the  anthracite  regions.  A  ia  a  small  seam,  and  not  eon- 
l  workable ;  B  is  a  seam  of  fair  dimensions,  averaging  from  5  to  6 
ad  corresponds  with  the  Buck  Mountain  ;  C  is  a  small,  unworkable 
and  occupies  the  place  and  partakes  of  the  character  of  Gamma ; 

iair  a«am,  corres()onding  to  the  Skidmore  in  the  anthracite  regions ; 

is  die  "Big  vein,"  and  identical  with  the  Mammoth. 
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STATISTICS  OF  THE  CUMBERLAND  COAIrTRADB. 


FROM  ITS  COMMENCEMENT. 


CompHedy  from  Official  Source$.  hy  C.  Slack.  Mouni  Savage^  ML 


TABLE  L^DHmU  of  Tear  lSe4> 


Name  of  Compan  j. 


American  Coal  Co 

Central  C.  M.  &  M.  Co 

Piedmont  Coal  &  Iron  Co 

Swanton  Mining  Co 

Potomac  Coal  Co 

George's  Creek  Coal  A  Iron  Co. 

Hampshire  A  Bait.  Coal  Co 

Neff  Run  Coal  Co 

Frostburg  Coal  Co 

Consolidation  Coal  Co 

Borden  Mining  Co 

New  Hope  Mines 

Midlothian  Coal  Co 

Barton  Coal  Co 

George's  Creek  Mining  Oo 

Franklin  Coal  Co 

Atlantic  &  G.  C.  Co 

Cumberland  Coal  &  Iron  Co 

BloBU-ATon  Coal  Co 

Astor  Coal  Co 

Hampshire  &  Bait.  Coal  Co 


18M. 


ToB.*O.R.R. 


Tons. 


8,953 

19,677 

21,428 

21,456 

26,060 

41,644 

8,071 

4,208 

10,066 

8,611 

14,862 

9,296 

8,109 

7,111 

20,721 

44,958 

225 

59,414 

7,831 

431 

44,552 


877,684 


ToCJkO.Can. 


Tods. 


54,268 

89,864 

884 


15.977 

6,822 

4,701 

15.565 

88,022 

18,982 

5,085 


63,002 
1,520 


258,642 


Local. 


Tooa. 


658 
8 


1,666 

i'ju 

262 
9,466 

216 

6,709 

98 


21,670 


TMaL 


68,809 

69,649 

22,262 

21,456 

26,060 

48,209 

19,048 

18,804 

16.019 

88,641 

68,100 

28,987 

8,287 

7,111 

20,721 

44,958 

225 

122,416 

9,851 

431 

44.552 


667,996 


ObaqiandwiftUiL 


9,068 


661 

7,760 

8,259 

10,661 

88,641 


7,6J7 


7,771 


RECAPITULATION. 

By  Cumberland  &  PennsyWania  R.  R.  to  Baltimore  &  Ohio  R.  R..  266,466  toiUL 

•«  •«  "      to  Canal 194,120    " 

•«  «<  «<  "     to  Local 21,'670    «« 

481,246 

By  Cumberland  Coal  &  Iron  Co.*s  R.  R.  to  Baltimore  &  Ohio  R.  R.     67,676 

**  ««  ««  "  "     to  Canal 64,622 

182,198 

By  Hampshire  A  Baltimore  R.  R.  to  Baltimore  &  Ohio  R.  R 44,662 

Total  1864 667.«l 


IK  ICABYLAJTB. 


887 


flp  flp  QD  QD  flp  00  00  00  00  00  QO  QO  00  00  QO  QO  QO  00  QO  00  00  00 
wv  A  Otk  Otk  tt  &  9*  ^  V*  ^  9*  9^  9*  9(  9*  i&  w^  i^  li^  lE  iS  3^ 

j?So|9^550pD^»<^Jk&fofSp50po^p»S«^po 


SSSoo«09«ooS£»>« 


i-«i^O»MOai-«9«OaDO»»-i*^ 


r 


tot-* 


i099fi:^^*-^*'ioo9eoa»9ieoe» 

OC0C&OOQOcDtOil^«49l»-«O^»«4 


*t  |o  •-•  _  CD  oe'io  Hit »« 1.4  bo  to  »«  »-> 

N* ■-*  S ioj5 o  1^ 9« M •-* lo ••^j^'15 •4eoa>o*-«oeoioe 

K99iaD|^CiM^QDnd0»i^cO60$*^1*4»-«i«^eO9«O»9« 


3S 


'-'9«Otog>aoi-«^ioe9i<OM<oQo8etoQoocOA 

6oS>«50»9iOO009«SS0»O9«9i9«S^S^ 


ISeooo 


s 


^»-*00 

^8 


00  _ 
Clio 


00 
9t 


t   : 


k«»>'  i-«  »>«»>«  1^  10 1^  lo  fee  i-' Hi' i-' 


^0»9ifeOH^a>9«9«Qi^ 


eo^3D9Soeo9«9i9«SI?»-« 


AgoaD9«»-*)^eMiOQo^ 

^9«t0*4Q03^O»-«»-«O 


OlOil^COOQO 


:   :  :  :  : 
:   :   :   :   : 


«4  00  O 

«•         ^         « 


00 

H-« 


gio  to  lo  to  (o  ^     : 
o»  •-»  en  05  to  00  -'I : 

<OOiCO«4QOI«CC«4i->00: 

.».oiio-^ieooaioiooe«4: 

•^OCOQOOOOCnOOOi 


iKeeeoeo9tii^ad9ttKcd: 

iKCaOiCilO-^100»-*h9Ci: 


s 


too 

•»^I0 


<o  o  o  *i  oi : 
CO  ^  ic  ot  «^i : 

»(^ooo  c;iO 


§cociioHrftKii^ootKeiiu.C7iooto^H^i-^ 
6&^OCOtS<OOQ*^IO*^IO-^lcPt^*49t|AtOHAHi* 
i-'3D4>.OOOC>-vC;itOQOOOO»QOttH^IO<OIO«D>Kil^Ot-« 

SOi-*pOit^«OCOtgDfcO^-'IQp*fc9*«p«4aiQOOM 
00<-^IC*CtlCOCiO^;Dt^C^«0»-«09«C»OIOOD 


oao* 

i^OO 


r 


r 


r 


5 


i: 


r 


l: 


p 


I 


9 

t 

o 


e 


f 


i 


o 
S4 


^1 

fr   E 


5* 


ifeO        t^feO»OI<Oi^t%»  —  *-  — 
C»00Oi0<«4OiOi£bd0d->4Cnl'0 


cn  i«  00 


ldMil^QOQOIOH-i4^0ScnO«OQOIO 


f 


9«lik 


oi  -^1  a»  «^i  --I  «^i  »C  I&  M  ^  CO 

OfeOHi«<OOO«OQOC0i-«O9« 


it 


i 


to 


838  THE  QBEAT  ALLEGHAmT  COAL-FIELD 


CHAPTER  XVIIL 

WEST  VIRQIinA. 

Area  of  Coal  Formation  in  West  Virginia^The  Great  Kanawha — The  Coals  of  Wcet  Vir- 
ginia— Salt-Wells  and  the  Manufacture  of  Salt  at  the  Kanawha  Salines — Oil-^Iron  Ores 
Sections  of  Formation — Identification  of  the  Coal-Beds — The  Great  Kanawha  Vallej— 
Map— Description — Route  of  Great  Freight-Line  ft'om  East  to  West — Valley  of  Virginia* 
Region  of  Brown  Hematites — Copper  Region — Magnetic  Iron  Ores — ^Lead — ^The  Gold 
Belt — Coal  Oil  f^om  the  Cannel  Coal — Eastern  Kentucky — Identification  of  the  Coal-Beds 
— East  Tennessee — Alabama — Ohio — Production  of  the  Alleghany  Coal-Field. 

West  Virginia  contains  a  larger  portion  of  the  AU^hanj  ooal-fidd 
than  any  of  the  States  enumerated  through  which  it  extends.  Over  16;000 
square  miles  of  this  great  coal-field  lie  in  Western  and  Eastern  Virginia: 
of  this  area,  however,  only  a  few  miles  exist  in  Old  Virginia,  on  the 
eastern  edge  of  the  field,  in  the  southwest, — ^perhaps  less  than  160  square 
miles  of  available  coal.  But  the  best  and  most  available  portion  of  the 
Alleghany  coal-field  lies  in  West  Virginia,  and  the  greater  portion  of  its 
vast  area  is  naturally  opened  to  development  by  the  numerous  streams 
which  traverse  its  fiice  from  east  to  west. 

The  Great  Kanawha  River,  running  off  at  right  angles  from  the  Ohio, 
traverses  the  richest  portions  of  the  Great  Alleghany  coal-fields,  cutting 
the  coal  measures  of  the  region — 2000  feet  thick — ^to  their  base,  and  de- 
veloping their  exhaustlcss  mineral  treasures  in  the  most  available  manner 
for  practical  production.  But,  after  performing  this  most  acceptable 
service  to  the  future  prosperity  of  the  West,  it  renders  the  benefits  con- 
ferred still  more  valuable,  by  dividing  the  otherwise  impassable  Appa- 
lachian chain  at  right  angles,  and  taking  the  neared  course  to  the  waters 
of  the  East,  thus  opening  the  most  available  route  from  the  great  rivers 
of  the  West  to  the  seaports  of  the  East,  and  connecting  the  minerals  of 
the  older  geological  formations — the  iron,  lead,  copper,  &c. — with  the  coal 
of  the  Alleghany. 

The  Kanawha  it^ion  is  still  undeveloped,  and  the  prize  long  sought  by 
the  dilatory  Virginian  slave-master  is  still  to  be  accomplished  by  the  enter- 
prise of  free  labor.  In  no  other  portion  of  our  country,  North  or  Sooth, 
are  there  more  inviting  prospects  to  labor,  enterprise,  and  capital  than  is 
now  presented  in  the  Great  Kanawha  Valley.  Not  only  its  unlimited 
mineral  resources  invite  attention,  but  the  best  portion  of  the  trade  of  the 
great  Mississippi  Valley  may  be  diverted  into  the  channel  of  the  Kanawha 
by  ordinary  means.    To  those  who  have  observed  the  prodigious  growth 
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*  that  trade,  and  the  atill  saperior  proportions  it  most  aanime  in  the 
ture,  the  questionB  we  are  discussing  of  this  new  route  to  the  East  will 
it  be  a  matter  of  speculation,  but  of  necessity.  The  routes  now  provided 
ill  not  accommodate  it,  while  the  superior  advantages  offisred  by  this 
ate,  in  the  hands  of  a  free  and  enterprising  people,  cannot  &il  to  attract 
benlion*  The  distancCf  the  elevation,  the  freedom  from  ice,  and  the 
nstant  supply  of  tcater  from  the  mouth  of  the  Kanawha,  all  present  im- 
ortant  and  available  advantages  which  cannot  be  overlooked. 

DISTANCES  FROM  EAST  TO  WEST. 

It  will  be  noticed,  by  the  table  of  diBtanoes  given  below,  that  the  distance 
om  the  head  of  navigation  on  the  Kanawha  to  the  head  of  navigation 
I  the  James  Biver,  at  Bichmond,  is  320  miles, — or  thirty-six  miles  less 
f  land  than  from  Pittsburg  to  Philadelphia;  with  a  saving  in  distance 
f  water  from  Cincinnati,  as  a  centre,  of  200  miles*  It  is  also  sixty-three 
iles  less  by  rail  than  the  distance  from  Parkersburg  to  Baltimore,  with 
xmt  the  same  distance  by  water. 

Table  of  Distancei,  Miles. 

Charleston  to  New  Orleans,  by  water « 1847 

Charleston  to  Cincinnati,            ^*       269 

Charlestonr  to  Point  Pleasant,     «       60 

Charleston  to  Parkersburg,        "       132 

Charleston  to  Pittsburg,             " 261 

Charleston  to  Philadelphia  via  Pittsburg 617 

Charleston  to  Baltimore  via  Parkersburg. 515 

Charleston  to  Richmond,  Virginia,  via  Covington  &  Ohio  Railroad  320 

Charleston  to  Richmond,  Virginia,  via  ^'Central" 351 

Cincinnati  to  Philadelphia  via  Pittsburg 816 

Cincinnati  to  Baltimore  tria  Parkersburg G71 

Cincinnati  to  Richmond  via  Charleston  and  Covington 589 

Cincinnati  to  Richmond  via  Charleston  &  Central 610 

*  THE  COALS  OF  THE  GREAT  KANAWHA  REGION, 

As  we  shall  specially  describe,  are  of  various  constitnencies,  and  are 
laptable  to  all  the  requirements  of  the  trades  and  manufactures.  The 
trd  and  cakiru/y  with  the  fat  and  gaseous  bituminous,  the  variable  splint, 
id  the  rich  and  oily  cannel,  are  all  found  in  the  same  mountains,  and  are 
1  accessible  to  the  miner  and  to  navigation,  through  the  agencies  of  the 
oding  waters,  which  have  exposed  coal  in  a  thousand  places. 
The  avenues  to  markets  afford  the  cheapest  and  most  available  trans- 
irtation  on  navigable  rivers;  while  the  markets  themselves  are  unlimited 
extent,  and  rapidly  increasing  their  consumption. 
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The  whole  valley  of  the  Mississippi  is  open  bqrond  oontralliiig  com- 
petition to  the  trade  and  the  production  of  this  region,  while  the  prenat 
avenues  to  the  East  and  the  commerce  of  the  world  are  bat  little  Iw 
available  than  from  the  older  and  more  developed  oentres,  with  ttu  ad- 
vantage ever  open  to  the  Kanawha  region, — ^that  a  route  may  be  ooo- 
structcd  having  every  advantage  over  the  most  fiivorable  avenues  of  tiada 
now  open  from  the  East  to  the  West. 

This  is,  therefore,  the  natural  mining  and  fnanufaduring  cenin  not  oaly 
of  West  Virginia,  but  of  the  Great  Alleghany  coal-field;  and  had  tbe 
Virginians  any  share  of  free  enterprise  and  energy,  Charleston  would  l<»g 
ago  have  been  a  formidable  rival  to  Pittsburg. 

Looking  to  the  natural  results  of  location  and  availability,  now  lliit 
this  magnificent  region  is  open  to  free  labor  and  a  corresponding  devek^ 
mcut,  we  may  antii.*ii)atc  for  Charleston  the  dignity  of  the  State  capital  aft 
no  very  distant  day,  or,  what  may  be  better,  the  metropolis  of  the  mining 
and  manufacturing  interests  of  the  West.. 

Coal  River,  Elk  Hiver,  and  Gaulcy  diverge  from  the  Great  Kaaairlii 
and  spread  their  branches  over  one  of  the  richest  and  most  TTMrgnifinMt 
coal-regions  in  the  world,  and  bring  down  their  wealth  to  one  oommoa 
centre  on  the  Great  Kanawha;  or  such  might  and  may  be  the  reaolft 
under  future  developments. 

The  coals  of  this  region,  generally,  are  better,  purer,  and  more  availabb 
fur  all  the  requirements  of  trade  and  manufacture  than  the  coals  of  anf 
other  portion  of  the  Alleghany  coal-field.  The  seams  of  coal  are  moR 
numerous  and  their  thickness  greater  tlian  in  any  other  portion  of  thii 
coal-field;  it  can  be  mined  cheaper  and  with  more  economy  geneFalhr, 
under  the  same  rates  of  labor,  than  in  any  other  region  in  this  countij 
without  exception.  The  markets  of  the  West,  or  the  great  Ohio  ani 
Mississippi  Valleys,  are  open  beyond  any  controlling  competition  to  the 
trade  of  the  Kanawha  in  coal^  oil,  salt,  iron,  and  lumber.  Charlertoa 
is  21)0  miles  nearer  Cincinnati  than  Pittsburg,  and  always  open  to  naTigi- 
tion;  while  the  Ohio  to  Pittsburg  is  fre(|uently  closed  by  ice  in  the 
winter  and  interrupted  by  low  water  in  the  summer.  The  prin^pil 
volume  of  the  great  and  rapidly  increasing  trade  of  the  West  may  he 
diverted  to  the  seaports  of  the  East,  via  the  Ejuiawha  Valley,  with  muck 
economy  in  time  and  trans{K>rting  power. 

We  do  not  make  these  remarks  as  invidious  comparisons.  Nothing  «i 
can  say  will  detract  from  Pittsburg;  nor  do  we  wish  to  say  one  word  againik 
that  noble  city  and  her  vast  resources.  We  only  wish  we  could  say  to  the 
helpless,  dilatory  Virginians,  ''Go  ye  and  do  likewise;''  and  we  woaU 
willingly  show  them  the  way. 

The  geological  reports  on  the  coals  of  West  Viiiginia  make  the  nombtf 
of  workable  seams  to  be  13;  but  14  have  been  developed  on  the  dividing 
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ridge  between  the  waters  of  the  Great  E^anawha  and  Coal  Rivers,  on  a  line 
with  Lenn's  Creek,  and  in  all  probability  these  are  all  below  the  Pittsburg 
awm.    Bat  here  every  seam  appears  to  have  reached  a  maximum  size  for 
the  bituminous  formations.    While  B  and  E  are  not  as  large  as  found  in  a 
Sbw  other  localities,  the  intervening  seams,  which  in  other  portions  of  the 
field  are  of  no  commercial  or  workable  value,  are  here  found  in  workable 
OBe,  or  fix)m  2  to  3  feet  in  diameter.    The.  number  of  workable  seams  are 
greater  than  those  found  within  the  same  measures  in  Pennsylvania  any 
place,  not  excepting  the  anthracite  fields,  though  the  total  amount  of  coal 
is  less  than  that  which  is  found  at  many  points  in  the  anthracite  regions. 
Bat  were  we  to  count  all  the  seams,  both  small  and  large,  in  the  western 
jNurt  of  the  anthracite  measures,  they  would  correspond  nearly  with  the 
ooal-seams  found  on  the  Great  Kanawha.    We  have  stated  our  belief, 
however,  that  the  cannel  coal-seams  have  no  counterpart  in  the  anthracite 
legions, — that  they  appear  within  the  rich  bituminous  shale,  which  does 
not  exist  in  the  Eastern  measures;  and,  consequently,  three  of  the  nume- 
rous seams  in  the  Kanawha  section  are  thus  accounted  for. 

We  may  also  here  notice  a  feet  which  may  be  interesting,  and  which 
mj  have  some  connection  with  the  divisions  of  the  seams  in  this  locality, 
ixvice  versd. 

It  will  be  found  ferther  on  that  the  coal  measures  in  Western  Kentucky, 
tnd  in  the  same  general  geological  range  or  position  in  the  great  basin 
with  the  Kanawha,  are  in  like  manner  divided  and  represented  by  nume- 
rous small  seams  instead  of  a  few  large  ones,  as  in  some  portions  of  the 
iDthracite  regions,  where  the  coal  measures  reach  the  same  elevation. 

The  seams  which  we  give  in  the  following  table  exist,  we  have  reason  to 
believe,  under  the  Pittsburg  seam,  and  do  not,  therefore,  represent  all  the 
productive  coal  measures  of  West  Virginia.  There  are  still  several  seams 
found  in  the  higher  grounds  back  from  the  river,  or  on  the  head-waters  of 
Elk,  Coal,  Gauley,  and  other  large  streams  emptying  into  the  Great 
Kanawha;  also  on  the  Little  Kanawha,  Guyandotte,  Big  Sandy,  &c.  Yet 
we  have  not  found  the  same  productive  condition  in  any  other  part  of  the 
Great  AU^hany  coal-field  as  compared  with  the  measures  between  Coal 
tod  Kanawha  Rivers.  The  thickness  of  the  strata  is  estimated  in  this 
table,  but  the  seams  have  been  practically  developed. 

A  short  distance  above  the  conglomerate  a  small  seam  exists,  not  con- 
sidered workable.    But  about  fifty  feet  from  the  conglomerate  a  variable 
seam  is  found,  ranging  from  five  to  ten  feet  in  thickness:  this  coal 
in  all  probability  lies  below  the  level  of  Lenn's  Creek,  at  the  forks,  and 
k  not  found  above  water^eveL    Above  this  exists  the  large  seam  of 
iron  ore  to  be  noticed  farther  on.    The  third  seam  of  coal  appears 
to  be  small,  but  varies  from  two  to  four  feet.    The  fourth  is  a  cannel  coal 
of  about  four  feet,  but  varies  from  three  to  six  feet    The  fiftii  seam  is  a 
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hard  bituminonsy  ranging  from  two  to  fbor  feet  in  thiflknmii,  Tlie  tixth 
is  likewise  bitominous,  bnt  not  generally  over  three  or  fiior  ftet  thick,  and 
is  sometimes  smaller.  The  seventh  seam,  sometimes  cannd  coal,  ranges 
from  three  to  five  feet  thick*  The  eighth  and  ninth  are  hard,  bituminous 
seams,  from  thirty  inches  to  Imp  feet  thick.  The  tenth  seam  is  geneially 
large,  ranging  from  seven  to  ten  feet,  but  is  divided  by  fire-day,  whidi 
sometimes,  in  practical  effect,  makes  two  workable  seams  of  the  one. 
The  eleventh  is  a  fine  cannd  seam,  known  as  the  '^Peytona''(?)  oannd,  five 
to  six  feet  thick.  The  twelfth,  thirteenth,  and  fourteenth  are  not  opened 
or  developed,  but,  from  appearances,  are  known  to  be  seams  of  good  work* 
able  dimensions,  and  one  of  them  is  supposed  to  be  cannd.  The  average 
dimensions  of  the  seams  and  the  thickness  of  the  intervening  strata  an 
about  as  given  in  the  accompanying  table: 

DIMENSIONS   OF   SEAMS  AND   THICKNESS  OF  STRATA  ON  THE  LAKD 

BETWEEN   KANAWHA  AND  COAL  RIVERS.* 

Feet  FmL 

A    No.    1,  coal  on  the  conglomerate. 30  2      A 

r  ^'      2,  coal  and  intervening  measures 50  ^   1 -d 

^1  "      3,  coal  and        «                «         100  3    J^ 

"      4,  coalcannel    "                "         90  6 

f  «      6,  coal              "               «        95  3   ) 

^t  «      6,  coal                                         80  2iJ^ 

^'      7,  coal  sometimes  canncl    "         100  3 

D      "      8,  coal        "            "         "        85  2D 

r  *«      9,  coal        "            "         "        90  2J| 

*^|"    10,  coal        «            "         «        60  10    ;^ 

«    11,  coal  cannel          "         "         100  6 

F      "    12,  coal                     "         "        100  4      F 

J"    13,  coal  cannel?        "         "         195  5? 

'  I  «    14,  coal                     "         «        80  3? 

Coal  measures 1250  coal     50 


THE  GREAT  KANAWHA  AS  A  MININO  AND  MANUFACTURING  REGION. 

We  do  not  propose  in  this  connection  to  devote  much  space  to  the 
consideration  of  salt^  oil^  or  iron  ore  separate  from  their  connectioa 
with  coal;  but  we  wish  to  call  especial  attention  to  this  magnificent 
region,  wliich  has  been  so  long  overlooked  or  n^lected  by  capital 
and  enterprise, — locked  up  as  it  were  by  the  evil  genius  of  tbe  slave- 
power. 

The  salines  of  the  Great  Kanawha  have  been  celebrated  and  productive 

*  The  thickness  of  the  measures  is  perhaps  exaggerated,  as  thej  are  onlj  ettimatei. 
The  coal-seams,  however,  are  actual  deyelopments  as  far  as  No.  11. 


or  VEST  TCBOIKU.  84$ 

period  of  fifty  years;  and,  though  the  brtne  is  not  bo  dense  or  eata- 
with  salt  as  the  production  of  many  of  our  beet  salines,  the  availa- 

and  cJieapoess  of  the  material  and  means  of  evaporation  render  the 
my  of  manu&cturing  more  &vorable  than  tliat  of  most  aalinea,  and, 
ould  infer,  equal  to  the  best. 

le  one  instance, — which  will  cover  all ;  for  the  same  means  are  avail- 
o  all.  A  salt-well  ia  bored  to  the  saltretrata  and  through  the  upper 
ivy  oils,  and  carefully  tubed  to  the  briue.  The  welt  is  then  bored 
500  to  1000  feet  deeper,  until  the  gas  of  the  second  or  light  oils  'in 
:,  as  shown  I^  figure  000  under  the  head  of  Petroleum.  Sometimes 
^  exuts  in  siu:h  a  state  of  tension  that,  on  being  tapped,  it  bursts 
with  the  violence  of  gunpowder.  But  this  violence  is  soon  blown 
id  the  gas  continues  to  flow  with  considerable  ibroe,  or  with  force 
h  to  blow  the  brine  up  the  tube  and  into  the  salt-works,  and  then, 
ig  on  to  the  fire,  under  the  evaporating  furnaces,  is  there  used  as  fuel 
d  of  coal.  The  gas  thus  pumps  the  brine  into  the  tanks  and  evapor- 
:  in  the  kettles.  With  proper  fixtures  and  mechanical  smngements, 
Mt  of  producing  salt  under  such  circumstances  would  be  merely 
lal.  We  cannot  see  how  any  other  mode  could  be  more  economical: 
if  solar  evaporation  be  uiied,  the  cost  of  pumping  is  saved. 
r  remarks  on  the  oil  or  petroleum  of  this  region  will  be  reserved  for 
e  appropriate  place  in  another  chapter.  We  may  state,  however,  that 
gion  of  gas  above  mentioned  lies  immediately  over  the  great  reser- 
of  oil  which  have  been  so  productive  in  Pennsylvania  and  on  the 

Kanawha  in  this  State. 


moN  OBES. 

}Ugh  this  subject  also  belongs  appropriately  to  another  part  of  this 
we  feci  justified  in  noticing  it  here,  since  this  region  is  a  terra  tnoot/- 
}  the  iron-master. ' 


C,  tlOVt  CHjkRlttrOll, 


0  prominent  scams  of  iron  ore  exist, — one  as  shown  by  figure  124,  on 
spcr  geological  level  over  B,  as  found  and  worked  at  Johnstown, 
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Fia.124. 


Cambria  oonnty,  PennBylvania,  and  which  exist  in  variable  qnali^  and 
quantity  wherever  this  scam  of  coal  exists.  Id  some  places  it  is  rich  and 
productive,  while  in  others  it  is  lean  and  worthless.  Here,  however,  it  appean 
ttt  the  sur&oe  as  a  brown  oxide  of  great  richness,  yielding  60  p^  cent,  of 
metal  in  the  furnace ;  but  the  bed  is  naturally  a  calcareous  ore,  whore  not 
oxidized,  yielding  here  &om  40  to  45  per  cent,  of  metallic  iron.  Its  size 
is  from  3  to  4  feet  when  in  its  best  condition,  accompanied,  however,  by 
leaner  shales  or  argillaceous  ores.  The  second  seam  of 
ore  is  generally  argillaceous  and  not  very  rich.  Ita 
proper  position  is  between  E  and  D,  and  near  the  Free- 
port  or  Curlew  limestflne,  which  nnderties  the  lower 
bench  or  bed  of  E.  In  the  anthracite  re^oos  .v  imme- 
diately underlies  the  Mammoth ;  but,  as  we  have  several 
times  stated,  the  Mammoth  divides,  in  its  westward 
spread,  and  forms  several  seams  in  the  bituminoot 
n^ons. 

Figure  123  represents  the  general  form  or  topo- 
graphy of  the  volley  from  Elk  River  on  the  nortit,  at 
a,  to  Coal  River  on  the  south,  at  e.  While  this  is  a 
transverse  section  of  the  valley,  it  is  through  a  longi- 
tudinal portion  of  the  Great  Alleghany  coal-field.  The 
figure  gives  an  approximate  representation  of  the  main 
strata ;  but  a  more  comprehensive  and  systematic  detaO 
is  given  in  figure  124  of  the  coal  measures.  But  in 
vertical  section,  figure  189,  under  the  head  of  Petro- 
leum, will  be  found  the  order  of  succession  in  which 
the  oil,  salt,  and  cool  exist  in  this  valley. 

In  figure  124  we  give  the  approximate  places  of  the 
coal-ecams,  iron  ores,  and  principal  limestones.  It 
will  be  found  to  differ  slightly  from  the  generalized 
section  representing  the  coal  mcasuresof  the  Alleghany 
field,  but  the  difference  simply  existB  in  a  greater  num- 
ber of  seamB,  or  the  enlargement  of  scams  which  are 
generally  too  small  to  be  enumerated. 

In  figure  124  the  tetter  C  represents  cannel  coal, 
L  limestone,  and  S  Mahoning  sandstone.  The  dotted 
lines  represent  iron  ore.  The  distances  arc  approxi- 
mate &om  seam  to  seam,  but  tbe  general  position  of 
the  principal  seams  is  very  near  their  proper  geological 
horizon ;  while  the  limestones,  iron  ores,  and  saod- 
Mll^i"»te"R'*M«K'*.    8**"^  identify  them  with  their  cotcmporaries  in  other 

sections. 
G,  or  the  Pittsburg  seam,  docs  not  exist  on  the  river  hilla,  as  may  be 
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I  fignre  123,  but  is  found  on  the  higher  mountainB  bock  from  the 

This  seam  is  smaller  than  our  representation  makes  it,  and  seldom 
es  over  four  or  five  feet  of  merchantable  coal  in  this  region.  £  is  a 
bedy  divided  by  about  twelve  inches  of  fire-clay,  and  B  is  also  some- 
found  divided  in  the  same  manner  by  fire-clay.  Its  size  is  less, 
[ly,  than  that  of  E,  and  more  variable,  ranging  from  4  to  10,  and 
nes  even  20,  feet  in  thickness.  But  when  such  great  enlargements 
laoe,  several  of  the  smaller  accompanying  seams  are  merged  in  the 
K)dy,  or  only  separated  by  comparatively  thin  slates  or  fire-clay  part- 
When  this  scam  is  in  its  best  condition,  it  is  very  productive  and 
1  with  much  economy.  With  rare  exceptions,  it  is  the  best  furnace 
I  the  Alleghany  field,  and  whether  worked  for  such  a  purpose  at 
org,  or  Johnstown  in  Pennsylvania,  or  elsewhere,  it  always  produces 
t  dense  coal  in  which  the  carbon  predominates.  But  here,  acoord- 
a  natural  law  which  we  have  before  described  and  accounted  for,  the 

all  the  seams  contains  more  bitumen,  and  consequently  less  carbon, 
',  the  localities  named,  or,  in  &ct,  any  point  east  and  north.  Some  of 
all  seams  between  B  and  £  also  produce  good  furnace  coals.  But 
[ualily  for  such  purpose  seems  to  increase  towards  the  head  of  the 
rha,  or  above  Gauley,  since  the  carbon  increases  and  the  bitumen 
!es  in  that  direction,  but,  we  must  say,  to  some  extent  at  the  expense 
ity.  There  are  but  few  places,  if  any,  where  the  coal  of  the  Alle- 
9  is  better  in  quality  and  quantity  than  in  a  line  with*  the  section 
in  figure  123. 

cannel  coal-scams  arc  marked  on  the  side  of  figure  124  C,  and  are 
lumeratcd,  as  the  common  bituminous  seams  are,  alphabetically, 
3  we  find  no  equivalent  for  these  cannel  seams  in  the  anthracite 
\  to  which  our  nomenclature  applies  particularly, 
are  not  certain,  however,  that  this  conclusion  is  correct  The  first 
-  cannel  seam  is  found  above  B,  and  cannot  be  a  ''split"  of  that 
since  the  fossiliferous  limestone  and  calcareous  ore  intervene.  It 
>ssibly  be  identical  with  C;  and  the  small  scams  found  above  it,  and 
hich  we  have  designated  as  C  in  figure  124,  may  be  mere  enlarge- 
of  the  numerous  coal-strata,  which  are  too  insignificant  to  obtain 
3n  in  other  localities.  But  whether  the  cannel  coal  between  B  and 
art  of  C,  or  a  peculiar  production  of  the  bituminous  r^ions,  it  does 
validate  our  identification  of  the  principal  seams,  since  they  occur 
h  systematic  order  and  are  accompanied  by  such  unmistakable 
tes  that  their  peculiar  characteristics  are  always  prominent. 
>rder  to  present  some  of  the  advantages  of  the  Great  Kanawha 

as  a  mining  and  manufacturing  locality,  and  its  availabilftics  for 
md  transportation,  we  give  a  small  map  of  the  Great  Kanawha 
'  and  its  resources  of  iron  ores. 
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DEScaiPTios  or  hap. 

The  Great  Kaoawhii  is  kDom  bj  thit  nuaa 
to  tbe  mouth  of  Graalcy;  above  that,  it  is  known 
as  the  Xcw  Rirer,  which  takes  its  rim  among  the 
moantains  of  Korth  Carolina. 

No.  1  is  Gajandottc,  at  the  month  of  tbe  Guy- 
andotte  River,  and  is  the  proposed  tenninu  of 
tbe  Covington  &  Ohio  Rulroad.  No.  2  is  At 
location  of  Charleston,  at  the  mouth  of  Elk  Binr. 
Xo.  3  is  the  site  of  Kanawha  Ci^, — a  compm- 
tivcly  new  place, — at  the  month  of  Lena's  CreA 
and  on  the  proposed  railroad  to  Peyfona,  on  Cod 
River.  Xo.  4  is  the  mouth  of  G«D]gr  Biyer,aDd 
No.  5  the  mouth  of  Greenbrier  Riw.  At  thii 
point  the  Covington  &  Ohio  Railroad  enten  tbt 
vallur  of  the  New  River.  The  grading  of  tlw 
road  is  partially  completed.  A  short  distaixc 
farther  up,  at  6,  is  the  mouth  of  Sinking  Cretk, 
the  most  available  proposed  route  of  a  gtot 
freight-line  from  the  East  to  tbe  West,  lesTing 
the  New  Rirer  and  crossing  over  to  the  Juw 
It  is  antici]iated  that  tbe  maximum  grades  of  ibii 
rnutc  will  be  only  20  fed  to  the  milt,  and  the£i' 
tance  from  the  oari^ble  waters  of  the  Wert  tt 
tide-water  considerably  diminished  over  tiie  meS 
&vorable  routes  now  existing. 

No.  7  is  the  Great  Limestone  Valley,  koon 
through  Vii^inia  as  tbe  Valley  of  Virginia.  It 
rtretehee  from  the  cane-brakes  of  Alabama  to  tbt 
Valley  of  tbe  Hudson  and  beyond.  It  is  nam* 
a  short  distance  east  of  this  point,  on  the  ii^ 
water-abed  between  the  James  and  the  Net 
Rivers;  but  at  "Central  City"  (8)  and  fcrtber 
west  it  widens  oat  in  rich  and  extensive  plains 
and  forms  some  of  the  finest  plantations  or  igri- 
cultural  lands  in  Virginia.  It  is  really  a  deliglil' 
iut  region,  and  destined  at  no  distant  diy  tti 
become  one  of  tbe  most  populous  and  wealtbr 
districts  of  the  South. 

No.  9  is  the  location  of  Wentworth,  in  Koftb 
Carolina,  between  Danville  and  Greensboro  (10)i 
and  No.  11  is  the  position  of  Raleigh. 
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The  dark  spots  at  13  represent  the  great  r^on  of  magnetic  iron  ores; 
while  12  represents  the  gold-belt.  14  is  the  rich  copper  r^on  in  South- 
western Yirginiai  and  16  is  the  region  of  brown  hematites  on  each  side 
of  the  great  valley.     16  is  the  Alleghany  range. 

This  region  of  iron  ores  will  perhaps  rival  any  locality  in  our  country 
— Iron  Mountain,  Pilot  Knob,  or  Lake  Superior  not  excepted— either  in 
quality  or  quantity.  There  is  no  limit  to  the  resources  of  brown  hematite 
in  this  section.  It  exists  in  massive  beds  of  great  extent,  and  ranges 
through  a  vast  area  of  country.  We  have  seen  beds  of  ore  in  this  n^ion 
equal  to  the  celebrated  Cornwall  deposits,  and  can  state,  from  practical 
experience,  there  is  no  richer  or  purer  iron  ore  of  this  description  to  be 
found.  The  miniature  map  shows  the  coal  of  the  Kanawha  to  be  in  close 
proximity  to  this  great  region  of  iron,  and  /x>nnected  by  a  large  river, 
which  levels  as  it  were  the  mountains  and  grades  a  uniform  path  through 
the  huge  All^hanies.  From  the  Ohio  River  to  the  boundary  of  North 
Carolina  the  ascent  is  easy  and  uniform,  and  the  elevation  moderate. 
The  point  at  which  the  dividing  ridge  between  the  waters  of  Virginia  and 
North  Carolina  may  be  pierced  by  tunnel  is  not  over  2500  feet  above  tide, 
and  only  2000  feet  above  the  Ohio;  while  the  distance  is  about  250  miles, 
or  a  common  grade  of  less  than  10  feet  to  the  mile.  But,  as  the  upper 
portions  of  the  distance  overcome  the  most  elevation,  the  grades  at  the 
lammit  would  be  50  feet  to  the  mile  for  a  short  distance.  This,  however, 
would  have  no  reference  to  the  rich  hematitic  iron  region  of  the  valley. 
These  ores  may  be  reached  at  a  maximum  grade  of  20  feet  to  the  mile, 
with  a  common  descending  grade  from  the  ore  deposits  to  the  coal  of  the 
Kanawha. 

From  the  magnetic  iron  regions  of  North  Carolina  the  grades  would  be 
adverse  for  a  short  distance  to  the  summit.  But  the  great  richness  of  the 
ores — which  yield  about  70  per  cent,  of  metallic  iron  in  the  charcoal- 
furnace — would  compensate  for  additional  freight  or  transportation.  The 
railroad  line  thus  suggested  from  the  Ohio  to  the  great  iron  and  copper 
regions  of  Southwestern  Virginia  and  North  Carolina  not  only  give  the 
valley  of  the  Kanawha  an  abundant  supply  of  the  richest  and  purest  iron 
ores  and  open  out  a  splendid  mineral  and  agricultural  region,  but  also 
open  direct  communication  between  Virginia,  North  Carolina,  and  the 
Great  West,  and,  we  hope,  at  no  distant  day,  the  golden  gates  of  the  far 
Pacific. 

At  No.  5  the  Greenbrier  River  joins  the  New  River;  and  here  the 
projected  and  partially  finished  Covington  &  Ohio  Railroad  enters  the 
valley  of  the  Great  Kanawha.  This  line  connects  at  Covington  with  the 
Virginia  Central  Railroad,  which  centres  at  Richmond.  By  this  line  the 
distance  from  tide  to  the  navigable  waters  of  the  West  is  less  than  by  any 
other  route,  and  the  grades  are  more  favorable.    But  fiirther  up  the  New 
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River,  at  No.  6,  is  the  moath  of  Sinking  Creek ;  and  at  this  point  i 
means  of  communication  exists  from  the  waters  of  the  West  to  thoie  of 
the  East,  which  has  been  long  and  singularly  overlooked.    The  moun- 
tain-ranges here  run  parallel  from  the  New  River  to  the  James,  and  tliar 
valleys  afford  the   lowed  point  of  elevation   from  the  Eastern  to  the 
Western  waters.     The  Great  Al%hany  ranges  are  cut  down  to  their  bue 
by  the  waters  of  the  New  River,  while  the  waters  of  the  James  dnin  its 
eastern  escarpment.     The  deep  valleys  of  the  east  cross  the  oourses  of 
these  rivers :  consequently,  a  line  from  river  to  river  along  the  vallm 
must  have  loss  elevation  to  overcome  than  a  line  across  the  summit  of 
the  Allejrhanies.     The  writer  examined  this  line  in   1858-59,  and,  by 
barometrical  oljscrvation,  found  that  the   elevation  to  be  overcome  was 
nearly  1100  feet  less  than  ^he  most  fiivorable  present  route  from  east  to 
west;  or  the  greatest  elevation  is  less  tlian  1400  feet  where  the  denuding 
ridge  or  water-shed  may  be  pierced  by  tunnel. 

This  route  offers  to  Eastern  and  Western  Virginia  natural  advantngs 
which  no  other  route  from  east  to  west  can  possess.  It  presents  a 
whofie  maximum  grades  shall  not  exceed  20  feet  per  mile,  and  whose 
tancc  from  Richmond  or  City  Point  to  navigable  water  on  the  EaoaiAs 
is  onlv  about  320  miles. 

These  natural  advantages  are  so  important  and  desirable  not  only  fir 
the  development  of  the  r^ion  in  question,  but  all  the  great  West^  thsl 
they  must  and  will  force  themselves  on  the  attention  of  the  ento^ 
prising  and  far-seeing.  The  consummation  of  such  a  desirable  oigeet 
would  lifl  Virginia  from  her  present  ruin  and  desolation  and  place  her 
fairly  and  advantageously  in  emulation  with  the  progressive  Northern  ind 
Western  States.  It  would  be  more  effective  in  eradicating  sectional  pre- 
judices and  strife  than  provost-marshals  or  bayonets,  lecture  or  sennon; 
it  would  teach  our  "erring  sisters"  the  way  to  wealth,  power,  and  pros* 
perity,  and  show  them  that  all  they  sought  by  war  and  separation  exists  is 
peace  and  union. 

Under  such  circumstances,  the  Great  Kanawha  Vall^  assomes  an  im- 
portance not  hitherto  noticed  or  discussed  since  the  days  of  Washington, 
who  first  called  attention  to  this  subject  and  projected  and  predicted  whst 
the  present  writer  now  only  reiterates. 

In  order  to  obtain  approximately  the  coal  production  of  the  Westen 
bituminous  coal-fields,  we  shall  be  forced  to  estimate  roughly  the  amount 
of  coal  mined  in  each  State.  It  will  be  impossible  to  obtain  at  this  writing 
the  correct  figures ;  but  we  shall  not  be  far  wrong  if  we  place  the  amoiuA 
of  coal  produced  at  a  half-million  tons  annually  in  West  Virginia,  on 
the  line  of  the  Ohio,  and  in  the  Kanawha  Valley.  By  fiir  the  greiiflit 
quantity  of  the  coal  used  by  the  Western  steamers,  and  in  the  cities  on  the 
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lioy  is  mined  in  Pennsylvania,  though  the  coals  of  West  Virginia  are  more 
sesBible  and  may  be  supplied  with  more  economy. 


COAL  OIL. 

The  manufiusture  of  coal  oil  from  the  rich  cannel  coal  of  the  Kanawha 
18  extensively  carried  on  in  that  r^on  before  the  war,  and  practical  men 
ho  know  the  cost  and  have  calculated  the  profits  by  experience  state 
at,  as  a  general  rule,  more  money  may  be  made  in  manufacturing  this  oil 
Dm  the  coal  than  by  boring  for  it  and  obtaining  it  in  a  natural  state.  The 
le  is  certain  and  continuous,  while  the  other  is  uncertain  and  precarious.  The 
rst  depends  on  skill  and  capital ;  the  second,  on  a  fortunate  "strike," — 
hioh,  unfortunately,  is  not  the  rule,  but  the  exception :  &r  more  blanks 
lan  prizes  are  drawn  from  oil-wells. 

But  when  the  manufacturing  of  oil  from  coal  is  conducted  with  the 
roper  skill  and  judgment,  the  results  are  certain.  And  in  no  place  can  this 
i  done  witli  more  success  than  in  the  Great  Kanawha  Valley,  because  in 
>  other  locality  are  there  richer  coals  or  a  more  abundant  supply,  while 
nber  for  barrels  and  other  accessory  means  are  abundant  and  available. 
The  best  cannel  coal,  when  properly  treated  on  the  large  scale,  will  yield 
^  gallons  of  crude  oil  to  the  ton ;  and  the  cost  of  the  mining  and  manipu- 
tion  ought  not  to  exceed  $2.50  per  ton, — which,  at  even  10  cents  per 
lion  in  the  tanks,  would  leave  a  large  profit  on  the  oil  produced. 
There  is  great  improvement  to  be  made  in  the  manufitcture  of  coal  oil 
>in  the  coal,  and  the  cost  of  producing  it  may  be  reduced  nearly  one-half 
>in  the  present  estimates,  which  is  from  25  to  30  cents  per  gallon  for  re- 
led  oil.  We  have  noticed,  particularly,  several  large  items  of  expense 
the  production  of  the  crude  article  which  may  be  abated,  but  which  in 
is  connection  we  shall  not  discuss :  it  belongs  properly  to  the  depart-  , 
ent  of  Petroleum,  which  will  be  found  in  another  part  of  this  work. 
It  will  thus  appear  that  the  Great  Kanawha  Valley  is  not  only  a  great 
ktural  mining  and  manufacturing  region,  but  one  that  may  enjoy  the 
eatest  trade  that  ever  flowed  from  the  mountains  or  the  inland  plains 
id  valleys  to  the  sea.  The  coal,  iron,  oil,  and  salt  of  this  region  are 
exhaustible,  and  may  be  produced  with  the  minimum  of  labor  and  ex- 
msc,  and,  consequently,  the  maximum  of  profits. 

We  have  long  beheld  the  vast  mineral  resources  of  this  part  of  the 
reat  Alleghany  coal-field  with  professional  admiration,  and  have  fre- 
lently  called  attention  to  their  value.  If  we  now  seem  partial  to  West 
irginia,  we  can  prove  that  our  affections  have  always  turned  towards  her 
ilimited  stores  of  coal  and  iron  with  an  ardent  desire  to  be  able  to  pro- 
mnce  the  "open  sesame"  which  should  expose  her  treasures  to  the 
orld. 
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THE  ALLEOHANT  COAL-FIELD  IN  KENTUCK7. 

We  shall  briefly  present  a  few  of  the  leading  features  of  this  portiai 
of  the  great  coal-field,  since  it  is  but  little  developed,  and  presents  but 
few  points  of  special  interest,  where  the  coal  is  intersected  by  navigaUe 
rivers,  since  it  lies  near  the  head  of  the  streams.  Its  margin,  of  ooaiae^on 
the  north  lies  along  the  Ohio ;  but  we  think  the  Big  Sandy  and  the  Com- 
berland  are  the  only  navigable  waters  which  intersect  it.  The  Big  San^ 
runs  its  full  length  over  or  among  coal-beds,  but  only  the  upper  waters  of  the 
Cumberland,  which  are  seldom  navigable,  reach  this  coal-field.  None  of 
the  Kentucky  railroads  penetrate  its  almost  unbroken  area,  except  a  short 
branch  at  Ironton  on  the  Ohio.  The  coal-area  occupies  all  or  part  of 
twenty  counties  in  Eastern  Kentucky,  and  embraces  an  extent  of  10,000 
square  miles.  The  western  margin  of  the  field  enters  Kentucky  netf 
Portsmouth  on  the  Ohio,  and  leaves  it  near  Monticello,  a  short  distanoe 
below  and  east  of  which  it  crosses  into  Tennessee,  the  general  course  being 
southwest. 

The  Big  Sandy  is  navigable  through  Eastern  Kentucky  a  distanoe  of 
100  miles  when  the  streams  are  high,  and  the  coal  is  found  dther  below  or 
above  water-level  the  whole  distance.      Below  and  in  the  vicinity  of 
Louisa,  at  the  confluence  of  the  Tug  Fork  of  Big  Sandy,  most  of  the  ood 
lies  below  the  bed  of  the  river,  but  fiirther  up  it  commences  to  rise  above 
the  river,  and  the  seams  of  coal  which  may  lie  one  hundred  feet  deqi  at 
Louisa  are  five  hundred  feet  above  the  river  at  the  Russell  Fork.  Hie  dip 
is  therefore  general  and  gradual  from  the  east  to  the  west  until  the  Ohio  tf 
reached,  and  from  thence  it  is  reversed  and  from  the  west  to  the  east    ScfiM 
distance  above  Prcstonburg  considerable  coal  was  mined  before  the  war, 
tlie  coal  being  floated  down  in  barges  during  high  water.    The  localitia 
of  the  mines  in  this  section  are  about  half-way  up  the  sides  of  the  moan- 
tains,  and,  we  should  judge,  below  the  Mahoning  sandstone. 

From  a  hasty  and  necessarily  brief  examination  during  the  year  18S^ 
when  this  n^on  of  country  lay  l^etween  the  lines  of  the  Rebel  and  UnkiB 
armies,  and  when  guerrillas  had  full  sway,  we  concluded  the  large  seia 
worked  on  the  Louisa  Fork  of  Big  Sandy  to  be  identical  with  the  oanaei 
coal  over  E,  since  the  Mahoning  sandstone  seemed  to  lie  above.  The  oal 
produced  was  excellent,  and  contained  about  60  per  cent,  of  bitumen. 

Section  of  Coal  Strata  on  the  Louisa  Fork  of  Big  Sandy  ahove  I^reatonbrng* 
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above  corresponds  very  nearly  with  the  Kanawha  section,  and  is 
identical  with  a  section  taken  on  the  Tug  Fork  of  Big  Sandy  in 
ntucky  Geological  Survey.  Coal  £  is  there  wanting;  bat  the  space 
Ay  admits  of  its  existence,  and  we  most  conclude  the  error  to  be 
le  survey  and  not  in  the  measures.  The  evidence  of  regularity  and 
oity  in  the  coal-eeams  of  this  field  is  too  great  to  be  doubted, 
exploration  of  this  portion  is  too  limited  to  enable  us  to  locate  the 
:e8  and  limestones  which  accotnpany  the  principal  seams ;  but  the 
avestigation  we  were  able  to  make  left  no  doubt  on  our  mind  that 
dsted  in  '^  place''  and  in  order  on  the  same  geological  horizon  with 
asures  of  Virginia  and  Pennsylvania, 
amount  of  coal  mined  in  Eastern  Kentucky  may  have  amounted  to 

0  toDB  per  annum  before  the  war.  We  may  safely  put  it,  however, 
as  250,000;  though  since  and  during  the  war  but  a  very  small  por- 
^  that  amount  has  been  mined.  Nothing  has  been  done  on  Big 
and  but  little  if  any  mining  has  been  done  on  the  Cumberland  in 

1  Kentucky  during  the  war. 


THE  ALLEGHANY  COAL-FIELD  IN  TENNESSEE. 

geological  reports  of  the  coal  formations  of  East  Tennessee  are  use- 
all  practical  purposes ;  and,  as  but  little  development  has  been  made 
!ng  operations,  wc  are  left  to  our  limited  knowledge  of  the  r^ion 
tion  for  available  data. 

coal  measures  are  confined  to  a  narrow  boundary,  and  occupy  the 
ountain-plateaiis  which  terminate  abruptly  on  the  east,  above  the 
lents  of  the  huge  Cumberland  Mountains, — a  continuation  of  the 
inies, — ^and  are  cut  off  with  almost  equal  abruptness  by  erosion  to 
ft.  The  eastern  margin  of  the  coal-field  is  parallel  with  the  moun- 
*mation,  and  comparatively  uniform,  but  the  western  edges  are  ex- 
ly  irregular  and  zigzag  in  their  course,  which,  however,  is  generally 
ithwestern  direction  and  a  continuation  of  the  line  through  Eastern 
jky. 

coal-area  of  Tennessee  is  about  3700  square  miles ;  but  most  of  it 
an  inaccessible  mountain-region,  which  for  a  long  period  must 
undeveloped,  while  the  more  available  districts  supply  the  wanti 
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of  the  Mississippi  Valley  as  far  as  fuel  is  concerned;  and  the  same  remarks 
may  apply  with  equal  force  to  a  large  portion  of  Eastern  Kentucky.  But 
there  are  several  points  where  the  coals  of  East  Tennessee  are  available  for 
home-consumption,  and  to  a  certain  extent  for  the  Eastern  markets  in 
!North  and  Middle  Greorgia. 

Chattanooga  and  vicinity  may  become  a  great  maniifiicturing  district, 
since  the  coal  is  plentiful  and  accessible  in  this  locality  and  iron  ore  is 
abundant  and  rich.  Before  and  during  the  war,  until  the  evacuation  of 
this  great  strategic  point  by  the  rebels,  a  large  quantity  of  coal  was  shipped 
from  this  place  to  Rome,  Atlanta,  and  other  places  in  Georgia,  for  the  \» 
of  the  rolling-mills  and  foundries  employed  in  furnishing  munitionfl  of 
war  for  the  rebel  armies. 

Tliere  was  also  a  large  amount  of  pig-iron  made  here,  and  sevenl 
furnaces  were  successfully  in  blast,  turning  out  good  coke-iron.  But  after 
tlie  occupation  of  Chattanooga  by  the  Union  forces  the  rolling-mills  of 
Georgia  were  forced  to  suspend,  for  want  of  coal,  since  there  was  no  other 
source  of  supply  except  a  small  and  undeveloped  body  of  ooal  on  the 
Coosa  River  in  Alabama,  some  40  or  50  miles  below  Rome. 

The  Chattanooga  mines  were  located  about  14  miles  from  the  town,  on 
the  summit  of  the  Lookout  Mountain.  They  were  connected  with  tk 
place  by  a  railroad  up  Wills  Valley,  or,  we  believe,  a  continuation  of  tlak 
valley,  through  which  flows  the  Chattanooga  Creek.  Coal  B  is  the  on^ 
productive  seam  in  this  region,  though  C  and  perhaps  D  may  form  in  die 
centre  of  the  long  depressions  which  now  hold  the  coal  on  the  tops  of  the 
mountains.     It  ranges  from  4  to  10  feet  in  thickness. 

The  next  prominent  point  where  coal  is  mined  to  any  extent  is  nenily 
oi)j>o8ite  Kingston,  on  the  Tennessee  River.  Here  the  river  runs  doflt 
along  the  foot  of  the  Cumberland  Mountains,  and  the  coal  is  obtaioed 
from  their  summits.  It  is  also  mined  on  the  Cumberland  River,  and  at 
several  points  on  the  Tennessee  River  below  Chattanooga,  for  home-ooo- 
sumption  and  use  in  the  furnac^es.  The  usual  coal  production  of  TenneaM 
may  be  set  down  at  6(X),000  tons  per  annum.  We  have  not  been  aUeto 
obtain  any  correct  sections  of  the  coal  on  the  Cumberland  Mountains,  but 
can  state  that  all  the  available  coal  must  exist  in  the  four  lower  seams,  if 
B,  C,  and  D.  E  does  not  exist,  on  account  of  the  limited  thickness  of  the 
measures.  B  is  the  chief  productive  seam  ;  its  size  is,  as  usual,  variabkt 
and  ranges  from  4  to  20  feet.  The  following  transverse  section,  fifo* 
Taylor,  gives  a  slight  impression  of  the  form  and  character  of  the  ooil 
measures  in  Tennessee.  It  is  very  minute  in  scale,  and  convejrs  no  idtt 
of  the  great  elevation  at  which  the  coal  exists  on  the  huge  Cumberlani 
Mountains,  which  tower  a  thousand  feet  above  the  valleys  at  their  base. 
From  this  elevation  the  coal  must  descend  to  transportation  on  the  Ten* 
nessee  River,  since  all  the  coal  of  this  region  exists  on  the  mountain-topai 
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«,  eoal  measQres ;  h,  sandstone  with  iron  ores ;  e,  bituminous  shale ;  d,  Carboniferous 
llMestone ;  e,  old  red  sandstone ;  /,  upper  Silurian. 

The  Silurian  rocks  mentioned  at /are  tilted  or  inverted  by  the  sharp  axes 
of  the  folded  gneissic  strata  which  form  the  overlying  Silurian  and  Devo- 
nian in  long,  narrow  and  steep  troughs  and  ridges  to  the  east  of  the  Cum- 
berland Mountains,  as  the  same  strata  are  folded  to  the  northeast  in  the 
Anthracite  fields  and  intermediately. 

ALLEGHANY  COAL-FIELD  IN  ALABAMA. 

That  portion  of  the  All^hany  coal-field  in  Alabama  covers  4300  square 
Hiiles  of  superficial  area^  and  forms  the  southern  extremity  of  the  field. 
XtB  form  is  peculiar,  as  shown  by  the  accompanying  map,  which  is  con- 
denaedi  with  some  alterations,  from  the  Alabama  State  Survey  by  Prof. 
Ibomey,  and  forms  the  knob  on  the  handle  of  the  great  club  which  the 
A.ll^liany  coal-field  represents  on  paper,  as  the  map  of  Italy  takes  the 
Gmn  of  a  boot  under  the  same  representation. 

The  end  of  the  formation  proper  would  appear  to  terminate  with  the 
iiigh  terminal  points  of  the  Lookout  and  Sand  Mountains;  but  the 
nridence  is  unmistakable  of  a  sudden  depression  of  the  great  mountain- 
nmges  and  a  corresponding  depression  of  the  superincumbent  coal  strata. 
rhe  connection  has  also  been  found  to  be  almost  continuous  between  the 
3oal  measures,  and  the  accompanying  millstone  grit  and  Carboniferous 
limestones  occupy,  geologically,  the  same  horizon,  or  order  of  stratification, 
vrhich  we  find  general  in  this  coal-field. 

We  might  be  led  to  suppose,  from  Professor  Tuomey's  report,  that  the 
limestones  and  coal  measures  were  stratified  unconformably  upon  the 
Klurian  formations;  but  such  is  not  the  case.  We  investigated  this  subject 
Fully  during  a  late  visit  to  Alabama,  and  found  the  same  general  contrac- 
tion prevalent  in  the  Eastern  Palaeozoic  and  Azoic  formations  which  we 
find  so  general  on  the  eastern  border  of  the  great  basin.  The  eastern  strata 
ife  here  folded  sharply  against  the  gigantic  sides  of  the  Lookout  Mountain ; 
bat  the  strata  in  that  mountain-range  and  that  on  which  they  rest  are  con- 
^ninable  to  the  coal  measures,  and  not  unconformable,  as  represented  in 
I'aylor's  statistics,  and  as  copied  from  Professor  Tuomey's  reports. 

The  Coosa,  Cahawba,  or  St.  Clair  coal-field,  as  it  has  been  variously 
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called,  seems  to  be  part  of  the  same  great  field.  But  this  portion  liu  been 
depressed  to  a  greater  extent  than  the  more  western  basins,  and  sliglitl/ 
folded  in  basin-sliaiw  bj  the  lateral  contraction  which  folded  the  parallel 
Silurian  strata  to  tlie  east. 

The  gradual  thinning  or  depreciation  of  the  Psiieozoic  strata  in  thii 
direction,  though  not  so  rapid  as  it  it*  westward  from  the  point  of  iu 
greatest  thicknens  in  Pennsylvania,  has  still  so  diminished  the  strata  iEttr- 
vening  between  the  coal  and  the  Great  Valley  limestone  No.  11,  thatilii! 
Carboniferous  lime  and  this — ^the  Auroral  lime — are  brought  almost  into 
contact,  compared  with  their  vuMt  distance  apart  in  the  northeast. 

DESCRIPTION  OP  THE  MAP. 

The  upper,  or  northern,  end  of  the  St.  Clair,  or  Coosa,  coal-field  a  nttf 
Gadsden,  on  the  Cootia  Ktver.  There  appears  to  be  no  immediate  connto- 
tion  between  this  isolated  coal  dei>osit  and  the  larger  area  to  the  wet,  of 
the  coal  of  I.<ookout  Mountain  to  the  north.  But  there  is  an  evident  de- 
pression  of  the  great  Lookout  range  to  the  south,  curying  the  coal  docn 
with  it.  The  seams  on  the  northeast  of  this  deposit  are  extranelr  tluar 
seldom  over  18  inches  thick,  but  very  pure  and  clean.  We  should  nkt 
the  only  seam  we  saw  open,  and  the  only  one  that  appealed  to  exist  at  id 
northern  extremit}*,  to  be  A,  or  the  lowest  coal  in  the  field.  But  abnot  S> 
miles  farther  to  the  south,  nearly  opposite  Tallade^  the  next  upper  too, 
B,  is  found;  and  farther  south  a  "split"  of  B,  or  the  next  wain,  C,  eziali 

A  never  gctn  over  3  or  4  feet  thick  in  the  Alleghany  coal-field^  but  B  ■ 
sometimes  20  feet  in  tliirkness.  Here  it  is  about  5  feet  when  in  its  N'^ 
condition;  but  fnrther  south,  on  Broken  Arrow  Creek,  and  at  Montenlli'. 
it  increases  to  10  feet, — at  the  espensie,  however,  of  its  pnr'ity.  In  St.  Ctair 
county,  and  ]>arti<-ularly  the  min&i  on  Trout  Creek,  the  coal  of  B  iBCi- 
cellent,  containing  about  30  per  cent,  of  bitumen,  and  coking 
forms  a  hard,  pure,  and  silvery  coke,  of  the  best  description  fine 
furnace  or  cupola. 

The  seam,  where  worked  by  Rnglan  &  Co.,  on  Trout  Creek,  tMariyj 
Talladega,  and  20  miles  to  the  west  of  that  place,  was  about  five  ftet  thick* 
the  tJme  of  our  last  visit  to  this  region.  It  was  worked  by  ft  ahallow  AA 
near  the  outcrops  of  the  seam,  and  both  water  and  coal  were  brought  sp 
by  horse-power.  The  work  was  conducted  on  the  most  primitive  oris 
and  in  the  most  costly  manner;  while  the  coal  vaB  hauled  20  miles  i> 
wagons,  over  the  worst  of  mud  roads,  to  the  railroad  at  Talladega,  * 
hauled  to  the  Cooea,  and  then  floated  in  arks  down  that  rapid  »* 
dangerous  river  to  Montgonierj',  some  160  miles  distant.  Generally,  iboit 
two  out  of  every  three  of  these  arks  got  safely  through.  Yet  on  this  pfr 
orious  supply  did  the  foundries  of  Montgomeiy  depend,  since  the  coal  of 
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MoiiUfvallo,  which  went  by  rail  to  Selmo,  is  not  fit  for  smelting  parposo. 
Ill  tiu'i,  it  in  the  worst  coal  to  be  osed  as  a  fuel  that  we  ever  saw,  and  ood- 
taiiuHly  l)ct(iclcs  much  sulphur,  about  20  per  cent,  of  ash.  It  is  singular 
tlitit  th(f  (*ouI  in  the  middle  and  northern  portion  of  this  deposit  should  be 
Mi>  (*x(rciiioIy  puns  ^nd  that  of  the  south  so  extremely  impure. 

Thut  |M>rti()n  of  the  field  on  the  Black  Warrior  River,  which  is  by  &r 
\\w  hir^T  ImxIv,  may  contain  the  third  or  fourth  scam,  in  the  lower  serie!^ 
but  wr  (Hiuld  not  nxK)gnize  any  above  B,  which  undulates  much,  and  comes 
ill   foiistniitly   riviirring  waves  to  the  surface;   though  in  the  extreme 
idullirrii  tnl^t'  of  the  field  most  of  the  coal  is  below  water-level,  and 
'.mvrii>4i  with  tlu*  cri'taceons  formation  of  the  Gulf  shores.     This  part  of 
the  tirld  is,  tlK'n'tons  low,  and  the  coal-seams  appear  to  dip  towards  and 
iiiiilri'  (lio  rit'tactiuis  strata  until  lost  to  sight  and  gone  with  a  final  plunge 
uiuii-r  tlu*  (lull*.^?)     The  strata   rise   rapidly  towards   the  head  of  tbe 
biri-aiiH  until   they  roach  the  elevation  of  the  Lookout  range,  and  the 
platrauM  of  tho  Cireat  Sand  Mountain,  overlooking  the  waters  of  theTeo- 

IU*.V*14». 

('(Mil  lios  been  worked  for  a  considerable  period  in  Alabama  at  maDT 
liHiili til's,  but  chiefly  on  the  Coosa,  at  Montevallo,  on  the  Cahawba,(A 
tlie  liluok  Warrior,  and  on  the  Tennessee  Rivers;  but  every  where  in  the 
most  primitive  and  costly  manner. 

We  notice  Professor  Tuomey's  remarks  abont  the  cheapness  of  diving  jot 
coal  in  the  waters  of  Alabama,  and  we  have  no  doubt  any  mode  of  miniDg 
<H)al  would  be  chca})er  than  those  generally  practised.  We  have  seen  im- 
mense areas  of  a  coal-seam  uncovered  to  the  depth  of  ten  and  twenty  ftet 
to  obtain  30  inches  of  coal,  and  that  generally  below  water-level.  Ta 
tons  of  earth  were  removed  for  every  ton  of  coal  obtained^  at  many  points 
along  the  Coosa,  wlien  a  simple  water-level  might  have  obtained  tlie  sane 
coal  at  one-tenth  the  labor. 

Immense  deposits  of  excellent  iron  ore  exist  almost  entirely  around  tk 
Alabama  coal  districts;  but  the  best  and  most  abundant  appears  to  lie  to 
the  east  of  the  coal.  We  have  seen  masses  of  the  richest  hematites,  tbt 
may  be  called  mountains  without  exaggeration^  and  beds  of  splendid  t» 
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TRANSVERSE  SECTION  FROM  THE  COOSA  TO  THE  WARRIOR  COAL-FIELD. 

liferous  iron-stone  that  could  be  traced  for  a  hundred  miles,  parallel  vitk 
the  Coosa.  These  ores  were  used  extensively  in  the  charcoal  furnaces;  bot 
we  have  yet  to  hear  of  a  single  coke-fumace  in  Alabama,  or  of  a  pound  of 
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lavi&g  been  made  with  mineral  fuel  in  the  Uaai-fhniaoeB  of  that 

\  amount  of  coal  mined  in  Alabama  may  be  stated  at  SOO^OOO  tons 
num. 

are  126,  from  Taylor's  StatisticB,  represents  imperfectly  the  relative 
kn  of  the  coal-deposits  of  the  Coosa  and  the  Warrior.  Both  are 
ented  at  greater  angles  of  dip  than  they  naturally  assume,  and  the 
HT  of  seams  on  the  Coosa  is  less  than  those  represented.  It  is 
le,  however,  that  the  seams  are  repeated  by  inversion  on  the  east 
r  this  field,  as  the  strata  in  that  direction  are  sharply  folded,  and  tlie 
Valley  limestone  apparently  overlaps  the  coal,  much  the  same  as  it 
t  the  New  River  coal-field  in  Virginia. 

it  portion  of  the  field  in  Georgia  is  exceedingly  limited^  and  similar 
coal  of  ^Tennessee.    We  shall  not  notice  it  separately,  as  Georgia 
BS  all  her  coal  from  Tennessee,  except  such  anthracite  as  may  be 
ad  at  her  ports. 

THB  ALLEOHANT  COAL-FISLD  IN  OHIO. 

\  coal-area  of  Ohio  has  been  variously  stated  at  from  fiOOO  to  12,000 
t  miles.  We  have  taken  it  at  7100  square  miles  productive  coal-area, 
will  be  its  maximum,  though  the  coal  measures,  including  the  Carbo- 
ns limestone,  extend  over  one-third  of  the  State.  But  Ohio  is, 
3Sy  as  much  diversified  and  cut  by  streams  as  West  Virginia,  though 
re  less  in  volume  and  length.  Those  within  the  coal-field  generally 
wards  or  even  beyond  the  outcrop  of  the  coal,  and  flow  towards  the 
down  the  dip  of  the  measures. 

the  streams  feeding  the  Ohio,  except  the  Great  Kanawha  and  the 
asee,  rise  within  the  margins  of  the  All^hany  and  the  Central  coal- 
Most  of  them,  however,  rise  within  the  Alleghany.  The  Ohio 
flows  nearly  through  the  synclinal  axis  of  the  AU^hany  basin  from 
leat  bend  below,  and  yet  north  of  Pittsburg,  to  the  mouth  of  the 
idotte;  while  the  upper  waters  of  the  Ohio — the.AU^hany,  Monon- 
,  &c. — rise  within  the  vast  area  that  fills  Western  and  Northwestern 
^Ivania,  and  descend  towards  the  centre  of  the  basin  from  the  high 
js  of  the  Alleghany  Mountains,  the  eastern  escarpment  of  which 
the  Atlantic  margin  of  the  great  basin  as  it  now  exists. 

western  margin  of  the  Alleghany  field  is  much  lower  than  the 
I,  and  consequently  the  length  of  the  eastern-dipping  strata  is 
K>ndingly  less  than  the  western  dip.  The  coal  east  of  the  Ohio  has 
ral  and  gradual  dip  towards  the  Ohio ;  but  the  coal  on  the  west  of 
ver  has  a  corresponding  but  reversed  dip  towards  it  as  a  common 
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centre :  the  streams  follow^  as  a  general  rule,  the  inolinations  of  the  stnli 
over  which  they  flow. 

The  highest  portion  of  Ohio  is  lower  than  the  outcropB,  or  CMten 
margin  of  the  Allegliany  field  on  the  plateaus  of  that  range;  while  the 
valley  of  the  Oliio  is  much  lower,  of  course,  than  the  elevations  of  tint 
State.     Yet  a  large  portion  of  Ohio,  having  its  horizon  on  a  common  level 
with  the  most  productive  portions  of  the  Alleghany  and  Central  oaal-fieMs 
is  destitute  of  coal  or  coal-bearing  rocks.    We  can  only  account  for  sncli  • 
<Ieficiency  by  the  theory  of  deprest^ion,  or  that  of  denudation.     The  hi 
will  not  stand  a  critical  examination,  since  it  is  not  possible  that  an  entire 
formation  could  have  been  swept  away  by  water  without  leaving  ^sonw 
relics  of  its  former  existence.     But  we  have  seen  that  a  gradual  depression 
of  the  interior  of  this  great  basin  must  have  taken  place  during  or  aAer 
the  formation  of  coal:  we  must,  therefore,  presume  the  area  in  Ohio,  whid 
is  now  destitute  of  coal,  to  have  been  above  water  during  its  formation. 

It  is  evident  that  the  interior  of  the  great  l>asin  lying  within  the  Alle- 
ghany and  Rocky  Mountains  must  have  l)ei'n  at  one  time  a  vast  laketf 
inland  sea,  having  no  connection  with  the  great  waters  of  the  globe  as  tkr 
now  exist.  All  the  rivers  of  tlie  Great  Mii^sissippi  Valley  take  their 
rise  within  this  basin  as  it  now  exists;  though  the  Tennessee  and  tbe 
Kanawha,  on  the  east,  extend  beyond  the  rim  of  the  Alleglianies,  wluek 
form  the  natural  boundary  of  the  present  basin  to  the  cast. 

This  exci»ption,  however,  is  accounted  for  by  the  fact  that  the  andeflt 
^j^ranite  boundar}-  of  this  vast  inland  water  was  not  so  much  depressed  ii 
the  quarter  where  the  Kanawha  and  Tennessee  Rivers  take  their  rise,  tf 
this  granite  rim  was  depressed  both  farther  north  and  south. 

Tlie  final  depression  of  not  only  the  granite  rim  or  boundary  of  tta 
anoleut  sea,  but  the  entire  Palteozoic  structure  formed  in  that  sea  to  the 
houth,  etrectc*d  its  drainage  into  the  Atlantic  Ocean;  but  the  depression  of 
I  he  interior  or  I'cntral  portion  was  beneath  the  level  of  the  Atlantic,  foniH 
iiig  the  waters  of  the  Gulf.  Before  this  drainage  was  eflFected,  certaii 
l)ortions  of  the  great  l>asin  must  have  been  above  water-level ;  and  tbit 
|>ortion  of  Ohio  which  does  not  contain  the  coal  measures  must  have  been 
one  of  these  dry  st)ots  or  islands.  That  portion  drained  into  the  laka 
is  outside  the  borders  of  the  coal-field,  and  geologically  below  the  levd 
of  our  coal  formations,  and  bevond  the  influence  of  those  conditions, 
formerly  described,  which  must  exist  in  order  to  produce  coal. 

In  the  case  of  the  denuded  portions  of  Indiana  and  Illinois,  along  the 
Wabash,  we  have  evidence  of  the  former  existence  of  coal ;  but  over  the 
space  which  adjoins  the  non-carboniferous  portions  of  Ohio  the  fonnff 
arguments  hold  good.  The  great  coal-fields,  however,  which  lie  to  the 
west  of  the  Alleghany  field,  formerly  existed,  in  all  probability,  in  tf 
unbroken  body.    That  portion  of  the  Great  Central  field  which  lies  ii 
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idiana  aad  Emtacky  is  only  divided  firom  IlUnoiB  by  the  talky^  of 
e  Wmtiaah  and  Okie  Bivers^  and  we  caimot  doabt  its  former  existence  as 
whole.  We  have,  therefore,  given  it  as  a  great  ooal-field,  under  thq 
ime  of  the  '* Central;''  and  this  title  may  apply  with  eqqal  propriety  to 
w  coal-field  in  Mifisouri  and  Iowa,  which  is  <mly  divided  fiom  the  Central 
f  the  Mississippii  and  the  denuded  area  which  has  been  swept  away  by  its 
ast  waters.  We  believe  these  great  coal-fields  once  fimned  one  unbroken 
Qsl-area,  and  may  therefore  be  appropriately  named,  as  a  whole,  the 
'Great  Central  coal-field/'  though  we  have  named  them  reflectively  the 
'Oentral"  and  the  **  Western."  But  the  time  may  come  when  the  develop- 
BentB  of  the  West  will  render*  the  term  ^'Western/'  as  applied  to  the  coal 
of  Miasouri  and  Iowa,  a  misnomer. 


COAL  KEASURES. 

The  coal  measures  of  Ohio,  lying  immediately  west  of  the  Ohio  River, 
QODtain  the  same  coal-seams  which  the  corresponding  measures  contain 
Qi  the  opposite  side  in  Pennsylvania,  West  Virginia,  and  Kentucky. 
jQ^posite  Pittsburg  and  Wheeling,  the  upper  coals  are.  found  in  Ohio,  and 
pf  coarse  all  the  lower  coals.  But  to  the  porth,  and,  in  fitct,  all  points 
kmids  the  margins  of  the  coal-field,  the  seams  decrease  in  number,  as 
Ifljr  do  in  all  coal-fields.  The  underlying  seams  always  cover  the  greatest 
BBiy  while  the  upper  seams  are  the  most  contracted,  on  a  natural  principle 
leveloped  in  all  basin-formations.  When  the  basin  is  deep  and  narrow, 
le  dip  of  the  measures  or  strata  is  great,  and  the  respective  areas  occupied 
f  the  upper  or  lower  measures  do  not  differ  greatly.  But  when  the  basins 
«  shallow,  or  the  dips  of  the  measures  very  gentle  and  the  basins  very 
ide, — as  in  the  present  case, — ^the  edges  or  outcrops  of  the  lower  seams 
e  always  of  far  greater  extent  than  the  upper  seams,  as  may  be  seen 
:emplified  in  any  conical  hill  where  the  strata  are  nearly  horizontal.  All 
is,  of  course,  is  plain  enough  to  the  practical;  but  we  write  for  many  who 
low  little  about  horizontal  formations,  or  stratification  generally. 
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HORIZONTAL  COAL  MEASURES. 


We  may  thus  explain  why  there  are  five  or  six  productive  coalnseams, 
'eraging  from  20  to  30  feet  of  coal,  in  the  eastern  part  of  the  Ohio 
posits,  and  only  one  coal-seam  in  its  western  and  northern  portions,  pro^ 
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ductive  of  only  three  to  five  feet  of  workable  ooal.  B7  fiir  the  lai^gest 
amount  of  coal  in  Ohio  is  deposited  in  the  seam  B^  which  ranges  from  4  to 
10  feet  in  thickness  and  is  productive  of  excellent  ooal  generally.  This 
seam  supplies  most  of  the  furnace-coal  of  Ohio,  as  it  does  in  Pennsylvsm 
Towards  the  northern  portions  of  the  field  it  is  used  raw  in  the  furnace, 
and  found  to  answer  a  good  purpose;  but  to  the  south  it  contains  too  much 
bitumen  for  this  purpose,  and  requires  to  be  coked. 

Up  to  1850,  most  of  the  Ohio  blast-furnaces  used  charcoal;  but  perhipi 
the  larger  quantity  of  pig-iron  is  now  produced  with  coke  or  raw  coal.  The 
same  may  be  said  of  the  locomotives  which  work  the  numerous  lailroftdi 
tliat  traverse  Ohio:  they  now  use  coal  instead  of  wood. 

There  were  50  furnaces  in  blast  in  Ohio  during  1864,  and  of  these  20 
may  be  stated  as  using  coke  or  raw  coal;  and,  as  coke  or  ooal  fiimaoes  are 
always  larger  than  charcoal  furnaces,  those  using  mineral  fuel  must  have 
produced  more  iron  than  those  using  charcoal.  Large  quantities  of  ooil 
are  mined  and  shipped  down  the  Ohio,  or  sent  by  rail  to  Lake  Erie,  and 
from  thence  to  the  various  ports  on  the  Lakes. 

The  amount  of  coal  raised  in  Ohio  is  stated  to  be  one  million  tons  per 
annum:  we  think  this,  however,  is  much  below  the  mark,  and  mayh 
about  the  amount  shipped,  or  used  in  the  furnaces,  mills,  cities,  and  looih 
motives,  but  evidently  does  not  include  the  coal  used  for  domestic  paipoM 
in  the  interior  towns  and  villages.  Ohio  is  a  populous  State,  and  woodi 
becoming  scarce,  and  not  aviulable  for  fuel  near  her  fiust-growing  towBi 
and  villages. 


TABLE  OF  COAL  PRODUCED  FROM  THE  ALLEGHANY  COAL-FIELD 

IN  1864.* 

Pennsylvania 6,870,712 

Ohio 1,000,000 

Maryland 657,996 

West  Virginia 500,000 

Kentucky 250,000 

Tennessee 500,000 

Alabama 300,000 

9,078,708 

*  The  amounts  for  the  Southern  States  are  caloulated  before  the  war  in  186L 
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CHAPTER   XIX. 

THE  NOBTHEBK  AND  CENTRAL  COAL-FIELDS. 

Rie  Michigan,  or  Northern,  Coal-Field — ^Extent  and  Character — Great  Central  Coal-Field 
in  Illinois,  Indiana,  and  Kentucky — Extent — In  Illinois — Geology — Palaeozoic  Column — 
PennsyWania  and  New  York  EquiTalents — Eleration  of  the  Coal  Measures — Table — Coal- 
Seams — Mines — ^Production — In  Indiana — Extent — In  Kentucky — ^Extent — Depth  of  Mea- 
sures— Vertical  Section — Identification  of  the  Coal-Beds — ^Production — Great  Western 
Coal-Field — Area^ToUl  Area  of  the  Great  Central  Coal-Field— Geology  of  Missouri— 
In  Iowa — Extent  and  Character — Arkansas — Kansas  and  Nebraska — Total  Production  of 
Bituminous  and  Anthracite  Coal  in  the  United  States — The  Beeources  of  the  Great  Basin. 


THE  MICHIGAN,  OR  NORTHERN,  COAL-FIELD. 

This  coal-field  is  located  in  the  centre  of  the  State  of  Michigan,  and 
between  Lake  Huron  and  Lake  Michigan.  Its  form  and  position  may  be 
teen  on  the  miniature  map  of  the  Alleghanj  coal-field  on  page  318.  The 
location  of  this  field  is  extremely  favorable^  but  its  coal-seams  are  few  and 
tiun,  and  fiir  firom  productive,  as  compared  with  the  seams  of  Ohio  or 
Pennsylvania.  They  are  only  two  in  number,  and  range  from  3  to  5  feet 
in  thickness,  but  the  coal  is  pure  and  good.  It  is  generally  more  bitumi- 
nous in  cliaractcr  than  the  coals  of  Ohio,  and  blazes  with  a  bright,  strong 
flame.  It  is  not  possible  to  determine  whether  the  seams  developed  in 
Michigan  are  identical  with  those  of  the  Alleghany  field,  from  the  general 
<lepreciation  or  thinning  of  the  measures  in  the  former  field;  but  it  belongs 
to  the  great  Carboniferous  formation  of  the  Appalachian  basin,  and  must, 
of  course,  contain  the  lower  seams,  if  any.  The  general  features  and 
geology  of  the  country  differ  only  in  the  topography,  which  is  not  so  much 
I^it)ken  by  erosions;  but  the  measures  are  much  thinner  here  than  in 
^l^e  eastern  basins.  Yet,  while  the  total  thickness  of  the  measures  is 
^mparatively  limited,  the  coal,  nevertheless,  lies  mostly  below  water-level, 
*^m  the  topographical  evenness  of  the  surface,  the  horizontal  position  of 
^  scams,  and  the  fact  that  the  streams  have  not  cut  so  deep  into  the 
Measures  as  in  other  fields. 

The  extent  of  this  field  is  stated  at  about  12,000  square  miles,  but  the 
probability  is  that  GOOO  would  cover  the  productive  area. 

But  little  has  been  done  in  the  way  of  practical  development  in  this 
^1-field,  and  we  presume  that  100,000  tons  of  coal  per  annum  will  cover 
tic  production. 


THE  CHEAT  CENTRAL  OOAh-FlEU> 


IN  lUJNOiq,  INDIABA,  AND  KEKTUOKY. 


TUE  QREAT   CENTRAL  COAL-FIELD. 

The  areft  of  ibis  coal-field  is  estimated  at  50,000  square  miles,  of  which 
40,000  has  generally  been  assigned  to  Illinois, 
7700  to  Indiana,  and  3300  to  "Western  Ken-  ^'*  '^■ 

uk^.  But  a  more  correct  division  will  give 
35,000  to  Illinois,  10,000  to  Indiana,  and  5000 
lo  Western  Kentucky.  The  field  is  about  200 
miles  wide  by  350  miles  in  length  at  its  maxi- 
tnam  dimensions,  or  rather  over  luO  by  300  as 
a  mean.  The  coal  deposits  in  Indiana  are  di- 
Tided  from  tiiose  in  Illinois  by  the  Wabash 
Itiver,  which  also  forms  the  dividing  line  be- 
hreea  these  States  through  the  coal-field.  The 
Kentucky  portion  is  divided  from  that  in  In- 
diua  by  the  Ohio  River. 

The  MlsBiseippi  divides  this  great  coal-field 
from  its  ooanterpart  in  Iowa  and  Missouri,  as 
thowD  in  figure  117,  representing  the  great 
knn.  That  they  originally  formed  one  great 
od  cootinuoQB  ooal-field  there  appears  to  be  no 
doubt;  and  a  more  comprehensive  illustration 
Tould  have  properly  included  both  the  Central 
ud  the  Western  coal-fields  in  one  map ;  but  tlie 
Ann  of  these  fields  would  not  admit  of  their 
iquwintation  on  a  single  page,  to  which  wc 
Isra  emfined  ourselves  in  tliis  work.  We  hope, 
however,  to  give  a  clear  and  comprehensive  con- 
Rpdon  of  tiie  form,  extent,  and  connections  of 
thete  great  coal-fields  by  the  aid  of  the  re- 
qteolwe  maps  and  figure  117,  which  dcfiui 
thdr  general  connection. 

CENTRAL  COAL-FIELD  IK  ILLIK0I3. 

To  illustrate  the  gcolt^  of  the  great  basin 
known  as  the  Mississippi  basin,  but  which  we 
have  elsewhere  called  the  Appalachian  basin,  we 
give^  in  connection  with  this  coal-field,  a  geo- 
logical section,  or  column,  of  the  Paleozoic 
formations  in  Illinois.  Figure  117  represents 
the  gradual  depreciation  or  thinning  of  the  strata, 
westward ;  figure  2,  in  Chapter  II.  of  this  work, 
gives  its  total  thickness  in  the  east,  and  figure  128  its  thickness  in  Illinois. 

The  height  of  the  Palseozoio  column  in  Eastern  Peonsylvanla  exceeds 
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five  miles,  and  may  be  stated  at  30,000  feet, — ^though  it  is  in  some  localities 
over  seven  miles  per|)endicular;  but  30,000  feet  may  be  taken  as  the 
average  in  the  vicinity  of  the  coal-measures. 

The  Illinois  section,  which  we  copy  from  Professor  Wilbcr's  official  mp 
of  tliat  State,  shows  the  total  thickness  of  the  same  formations  to  be  onlj 
3310  feet  from  the  Potsdam  sandstone  to  and  inclusive  of  the  drift  and 
Tertiarv,  which  do  not  exist  in  Pennsvlvania.  A  contrast  of  the  two 
columns  will  convey  a  good  impression  of  the  general  geology. 


PALAEOZOIC  COLUMN  IN  ILLINOIS. 

Accompanying  this  section,  figure  128,  we  give  the  Pennsylvania  lod 
New  York  equivalents,  with  the  respective  thickness  of  each.  It  will  be 
noticed  that  few  of  the  slates  and  shales  of  New  York  and  Pennsylvan 
arc  found  in  Illinois,  but  that  the  limestones  are  continuous;  and  while  die 
Chester  or  Carboniferous  limestone  is  not  represented  in  the  anthndte 
r^ions  of  Pennsylvania,  the  Galena  limestone  of  Illinob  has  its  counlff- 
part  in  the  Auroral  limestone,  or  No.  II.  The  Galena  limestone  isooir 
300  feet  thick,  while  the  Auroral  is  often  5000  fiset  thick  in  Pennsylvano. 

The  Umbral  red  shale,  or  No.  XI.,  entirely  disappears,  and  the  Yeqle^ 
tine,  No.  X.,  unites  with  the  conglomerate,  or  millstone  grit,  forming,  wbft 
united,  300  feet  in  Illinois,  where  the  conglomerate  proper  is  a  thin  pkie 
of  from  10  to  20  feet  in  thickness.  Following  the  millstone  grit^ii 
Illinois  and  all  the  bituminous  coal-fields  of  the  West,  is  the  Carbonifevov 
limestone,  which  has  a  general  thickness  of  1000  feet. 
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The  Old  Red  Sandstone  of  the  English,  Catskill  of  New  York,  or  No. 
IX.  of  Pennsylvania,  may  be  represented  by  the  sandstone  following  the 
Chester  limestone  in  Illinois,  which  is  100  feet  thick  against  6000  feet  in 
Pennsylvania.     The  St.  Louis,  Keokuk,  and  Burlington  limestones,  or 
Mountain  limestones, are  included  in  the  Chemung  and  Portage  groups;  and 
the  Oil,  Black  Slates,  and  Hamilton  find  their  counterpart  in  the  Cadent 
and  Post-Meridian  of  Pennsylvania,  or  the  Hamilton,  Marcellus,  <&c.  of 
New  York.    The  Oriskany  sandstone  cannot  be  mistaken  in  either  column ; 
while  the  Niagara  lime  and  the  Hudson  River  group  are  distinctly  named 
in  each.     The  Galena  lime  is  the  equivalent  of  the  Auroral  in  Penn- 
sylvania, and  the  Chazy  or  Calciferous  in  New  York;  while  the  Potsdam 
landstone  is  conspicuous  as  the  base  of  the  Palaeozoic  column  in  Penn- 
ijrlvania  and  New  York.     In  the  West  it  is  claimed  that  a  lower  fossi- 
liferous  sandstone  exists  on  the  Gneissic  or  Azoic;  but  there  seems  to  be  no 
great  distinction  between  it  and  the  Potsdam,  or  Primal,  and  both  may  be 
le&ned  to  the  same  formation. 

The  limestones  predominate  in  the  West,  and  the  sandstones  in  the  East; 
Imt  some  of  the  great  sandstones  have  their  horizon  coextensive  with  the 
area  of  the  ancient  sea,  yet  invariably  much  thinner  in  the  West  than  the 
East     They  depreciate  from  massive  formations  several  thousand  fbet  in 
thickness  to  mere  knife-edges,  and  from  heavy,  coarse-grained  sandstones 
or  conglomerates  to  fine-grained  flaggy  or  slaty  sandstones.     This  depre- 
ciation, particularly  in  the  coal  measures,  is  manifested  in  the  same  or 
greater  proportions,  considering  the  distance,  in  the  Northwest  as  in  the 
West.     The  coal  measures  in  Michigan,  containing  the  Lower  coal  series, 
which  in  Pennsylvania  are  from  600  to  700  feet  thick,  are  only  from  30  to 
40  feet  in  thickness ;  which  corresponds  nearly  with  the  measures  on  the 
western  edge  of  Missouri. 

The  whole  evidence  goes  to  establish  the  propositions  set  forth  in 
Chapters  II.  and  III.,  describing  the  North  American  Continent  as  it 
formerly  existed,  or  that  portion  of  it  which  lies  between  the  Bocky  and 
All^hany  Mountains.  We  can  conceive  how  these  formations  (the  Palae- 
ozoic) arose,  and  why  they  were  thicker  at  the  East  than  in  the  West, 
whj  limestone  in  the  interior  of  the  great  basin,  and  sandstone  at  its 
eastern  edges,  only  on  the  basis  of  the  theory  set  forth.  A  great  inland  sea 
stretching  fix>m  the  high,  granite  mountains  in  the  East  to  those  in  the 
West;  fierce  and  almost  continuous  volcanic  action  during  the  Gneissic 
period,  while  the  metamorphic  or  crystalline  sedimentary  strata  were  de- 
posited; violent  but  intermittent  volcanic  action  during  the  Palaeozoic  ages, 
or  while  the  fossiliferous  strata  arose  in  the  waters  of  the  ancient  sea;  a 
constant  depression  of  the  Eastern  mountain-ranges,  whence  most  of  the 
material  forming  those  vast  lithographical  structures  came,  and  where  all 
the  volcanic  vents  existed  to  the  East  during  the  Palaeozoic  period. 
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The  consequence  of  this  natural  process  is  that  which  we  are  now  dL^- 
cussing.  The  deep  basins  of  the  East,  formed  hj  the  depression  resoldog 
from  long-continued  volcanic  eruption,  received  the  largest  amount  of  the 
vented  volcanic  material,  an<l  natnrally  the  coarser  matter  settled  in  the 
nearest  and  deepest  basins,  while  the  finer  and  more  limited  amount  floated 
away,  on  wind  and  tide  and  waves,  to  the  centre  and  western  parts  of  the 
ancient  sea. 

Limestones  only  formed  in  the  East  during  periods  of  quiet;  bat  thirr 
formed  rapidly,  since  the  carbonic  acid  and  salts  of  magnesium  and  caldam 
existed  in  greater  quantities  where  the  heat  was  greatest;  but  they  formed 
more  constantly  in  the  West,  where  comparative  quiet  almost  constantlv 
existed. 

As  the  Eastern  strata  were  depressed  and  the  bounding  monntain-ruigeff 
in  that  direction  became  lower  in  consequence,  so  the  sea  receded  from  tlie 
Western  mountains  and  gradually  exposed  its  western  margins  to  the  dis 
or  left  their  extensive  and  shallow  reaches  in  bog  and  swamp  to  form  those 
vast  prairies  in  the  manner,  perhaps,  so  ingeniously  and  scientifiollj 
described  by  Prof.  Lesquereux,  of  Ck)lumbu8. 

We  have  adverted  to  this  subject  in  this  connection  because,  with  tk 
proof  so  abundantly  furnished  as  we  proceed,  the  subject  becomes  dor 
clear  to  the  mind,  and  the  facts  as  they  arise  can  be  better  appreciated  umI 
applied. 

ELEVATION  AND  DEPRESSION  OF  THE  COAL  MEASURES. 

The  common  level  of  the  Illinois  coal  measures  is  above  the  Missaa^ 
at  St.  Louis,  which  is  381  feet  above  sea-level,  and  the  total  thicknesof 
the  coal-strata  is  900  feet;  add  to  this  the  thickness  of  the  Tertiaiyirf 
drift,  which  is  350  feet,  and  we  find  the  elevation  of  the  highest  points ii 
Illinois  within  the  coal-field  to  be  1631  feet  above  the  Atlantic  or  thcGalf 
of  Mexico,  or  the  elevation  of  the  coal  measures  to  be  1281  feet  abflW 
tide.  The  highest  point  on  the  Illinois  Central  Railroad  is  1095  fa* 
above  the  sea-level. 

The  Illinois  or  the  Great  Central  coal-field  in  Kentuckv  and  UliiKW 
is  the  lowest  point  of  tho  Mississippi  Valley  where  coal  is  found;  tb 
deope^«t  basins,  however,  exist  in  the  Alleghany  coal-field, — ^perhaps  on  tbe 
Big  Sandy,  in  Kentucky.  The  following  table  represents  the  Icveb  f^ 
which  coal  exists  in  the  great  Appalachian  basin.  By  com})aring  thiatabh 
with  figure  117,  it  will  ha  sevn  that  the  theory  of  elevation  must  be  erronW* 
and  singularly  unequal;  while  that  of  depression,  and  contraction  fi^ 
volcanic  action  and  condensation,  answers  every  coincident  and  fits  WfJ 
circumstance,  without  the  aid  of  miracles  or  nat4iral  phenomena,  ciA* 
quakes,  &c.,  which  are  unnatural  and  not  natural  processes,  as 
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TABLE  OP  ELEVATIONS. 
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The  coal  measures  of  Illinois  are  stated  by  Prof.  Wilber  at  900  feet, 
irhich  we  presume  to  be  nearly  the  maximum  thickness,  since  it  is  not 
|vobable  that  the  Pittsburg  seam  has  any  existence  in  Illinois,  except 
in  the  highest  portions  of  the  southern  part  of  the  State.  The  deepest 
irertical  section  given  in  the  Kentucky  survey  is  about  1500  feet,  embracing 
tU  the  seams  found  in  the  Alleghany  coal-field.  If  the  Pittsburg  seam 
^ists  at  all  in  Illinois,  it  must  be  on  the  highest  points  and  to  a  very 
tttited  extent.  Generally  the  workable  seams  lie  below  the  Mahoning 
•tocktone,  and  may  safely  be  identified  with  B,  E,  and  one  of  the  cannel 
terns,  which  we  cannot  place.  In  the  northern  portion  of  the  State 
^Ijr  one  workable  seam  is  found,  which  is  identical  with  B,  or  the  seam 
forked  by  the  Buck  Mountain  Coal  Company  on  the  Lehigh. 

The  principal  mines  of  Illinois  are  located  at  Lasalle,  St.  Johns,  Duquoin, 
Belleville,  Danville,  Ruck  Island,  Carbon  Cliff,  Sheffield,  Kewanee,  Col- 


*  The  high«t  points  along  the  Atlantic  border  are  the  Black  Mountains,  in  North  Caro- 
■h*.  6600  feet;  Mount  Washington,  New  Hampshire,  6260  feet;  Mount  Tahawus,  or 
ilttoy,  New  York,  6800;  Peaks  of  Otter,  in  Blue  Ridge,  Virginia,  6000  feet. 

f  The  lowest  anthracite  basin  is  supposed  to  be  3000  feet  below  the  sea-leTol.  The 
YUaoioic  formation  still  extends  86,000  feet  below  this  point,  and  in  aU  probability  the 
gifissic  formation  is  of  equal  thickness.  These  combined  strata,  now  filling  the  bed  of 
Ijbi  ancient  sea,  are  over  70,000  feet,  or  16  miles,  deep ;  whereas  the  deepest  point  in 
Uoois  is  less  than  one  mile.  We  must,  therefore,  assign  maeh  of  the  difference  to 
on. 
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Chester,  Fairbuiy,  Braceville,  Morris,  Caseyvillc,  and  Alton.  The  totd 
amount  mined  and  consumed  per  annum  is  stated  by  Wilber  to  be  650,000 
tons.  We  presume  the  consumption,  however,  to  be  fully  1,000,000  toqy 
including  the  local  consumption,  which  is  not  estimated  above. 


COAL-MINES  AT   ROCK  ISLAND. 

^^Thc  coal  of  Rock  Island  and  vicinity  forms  a  part  of  the  northern 
border  of  the  great  Illinois  coal-field.  The  lower  Carboniferous  rocb 
here  come  to  the  surface,  resting  u[)on  Devonian  or  Silurian  strata. 
Deeply  cut  by  the  great  valleys  of  the  Mississippi  and  its  tributarieflj 
and  removed  by  extensive  denudation,  the  coal  formation  exists  as  a  aeries 
of  outliers,  occupying  the  highest  points  of  land.  In  all  the  deep  valleji 
it  lias  been  swept  away,  and  its  ruins  have  gone  southward  to  form  tbe 
rich  alluvials  of  the  Lower  Missis^sippi  and  the  deltas  at  its  month. 

^'The  coal  is  found  associated  with  sandstones  and  limestones  in  thin 
bands  between  heavy  beds  of  shale.  One  workable  seam  only  has  been 
found,  wliich  has  an  average  thickness  of  about  three  feet  six  inches.  It  i^, 
however,  quite  irregular,  being  liable  to  very  sudden  contractiona«  and 
ex{>ansions.  The  coal  lies  high  above  the  streams,  and  is  very  &vonblf 
located  for  mining.  It  is  generally  reached  by  drifting  into  the  hill-sideii 
The  roof  is  limestone  or  calcareous  sandstone,  occasionally  separated  froB 
the  coal  by  a  thin  band  of  shale.-  Beneath  lies  a  very  bituminous  shab^ 
sometimes  graduating  into  an  inferior  coal,  and  resting  upon  a  bed  of  fii^ 
clay.  This  shale  abounds  in  fossil  plants,  often  in  a  very  fine  state  of 
preser\'ation,  prominent  among  which  are  huge  reeds  and  ferns,  mingki 
with  plants  of  great  delicacy  and  beauty.  The  fire-clay  has  been  tested 
and  found  valuable.  It  is  extensively  used  by  Thomas  &  Jouiy,  at  Otf* 
bon  Hill,  in  the  manufacture  of  pottery,  fire-brick,  and  tile. 

^^Most  of  the  mines  of  this  district  are  small,  averaging  from  ten  to 
thirty  tons  daily  yield.  The  mining  is  done  at  the  outcrop  on  the  hill- 
sides, and  the  coal  is  generally  carted  to  Rock  Island  by  teams.  The  minBi 
are  from  eight  to  ten  miles  distant  from  the  river;  and  this  long  transpttto- 
tion  is  a  very  serious  drawback  upon  the  profits.  The  only  large  mi«i 
are  those  of  Cool  Valley,  owned  by  S.  L.  Cable,  Esq.,  of  Bock  Island. 
This  is  one  of  the  best-organized  mines  in  the  country.  Mr.  Cable  l* 
built  a  railroad,  twelve  miles  long,  from  Rock  Island  to  hia  mines,  over 
which  his  coal  is  carried  to  market.  His  annual  product  is  about  6O/)00 
tons,  which  is  marketed  mainly  at  the  river  and  carried  westward  into 
Iowa.  It  is  extensively  used  by  steamers,  and  supplies  the  large  towns  ct 
Eastern  Iowa  with  fuel  and  gas.  About  80  hands  are  employed,  meet  (/ 
whom  are  common  laborers  who  have  taken  up  mining  and  acquired  thtf 
skill  by  practice  in  these  mines.     They  work  under  an  arrangement  M 
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novel  as  it  is  successful.  The  miners  and  the  owners  of  the  mines  arc 
parties  to  a  mutual  understanding,  hy  which  the  railroad  receives  one-third, 
the  mine-owner  another,  and  the  operatives  one-third  of  the  price  per  ton 
which  the  coal  brings  at  Rock  Island.  This  arrangement  works  admirably. 
It  secures  the  best  class  of  labor,  avoids  strikes,  encourages  men  to  establish 
permanent  homes,  and  secures  the  steady  development  of  the  mines.  It  is 
eminently  profitable  to  all  parties.  It  is  intrinsically  just  and  humane, 
and  has  the  additional  advantage  of  putting  more  money  into  the  pockets 
of  mine-owners  and  operatives  than  the  old  method. 

"The  mine  is  opened  in  the  side  of  a  steep  bluif  south  of  Rock  River. 
The  coal  is  brought  to  the  cars,  which  run  to  the  mouth  of  the  drift,  by 
mules,  over  a  wooden  track.     The  seam  is  here  about  four  feet  thick,  witli 
excellent  roof  and  floor,  but  is  subject  to  some  slips  and  interruptions.    In 
ranning  the  main  entry  back  into  the  bluff,  at  a  distance  of  about  60  rods 
from  the  opening,  the  coal  suddenly  gave  out,  and  was  replaced  by  a  mass 
of  sand  and  gravel,  mingled  with   large  stones  and  drift-wood.     This 
occurrence  puzzled  the  miners  considerably,  and  was  supposed  by  some  to 
be  a  fiiult  or  slip  of  the  strata.     On  examination,  however,  of  the  sur- 
rounding country,  the  real  nature  of  the  interruption  becomes  obvious. 
The  coal  and  its  associate  rocks  come  in  again,  and  are  seen  in  their  proper 
place,  though  a  large  extent  of  the  formation  is  gone.     It  has  been  cut  out 
by  denuding  agencies,  similar  to  those  which  are  now  at  work  in  every 
valley  where  water  flows.     But  the  space  has  filled  up  with   material 
washed  in  by  powerful  currents  while  the  surface  suffered  a  temporary 
sobmergence.     The  phenomena  probably  belong  to  the  drift  epoqh,  when 
extensive  areas  of  the  earth,  which  had  been  above  water  for  ages,  sub- 
sided below  the  ocean  and  became  covered  with  the  deposits  of  clay,  gravel, 
and  boulders  which  form  the  surface  so  generally  in  the  North  temperate 
tone.  (?)  Possibly  it  is  altered  drift,  washed  in  by  the  Mississippi  at  its  flood 
when  its  waters  flowed  hundreds  of  feet  above  their  present  level.     Fresh 
water  has  certainly  stood  on  the  highest  lands  of  this  region;  for  on  the 
hill-tops  deposits  of  loamy  clay  are  everywhere  visible,  containing  fresh- 
water shells.     All  shallow  beds  of  coal  are  liable  to  these  interruptions. 
In  regions  which  have  been  subjected  to  extensive   inundation,  cutting 
broad  and  deep  valleys,  and  especially  where  the  deposit  of  drift  is  thick, 
the  greatest  care  is  required  in  opening  mines  where  a  heavy  outlay  is  to 
be  made.    A  thorough  survey  by  a  competent  geologist  is  an  essential 
prerequisite  to  any  large  investment  in  improvements. 

^^The  quality  of  this  coal  is  good,  though  hardly  equal  to  the  best  coals 
of  the  State,  as  seen  at  Duquoin,  Lasalle,  Danville,  and  Fairbury. 

''It  is  very  compact,  in  thick  layers,  with  mineral  charcoal  between, 
with  some  thin  seams  of  carbonate  of  lime,  and  sulphate  of  iron  in  small 
quantity. 

24 
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Specific  gravity. ..« IfiSA 

L0B8  in  coking 48.0 

Total  weight  of  coke 67.0 

AsheB 10.0 

^^Vast  quantities  of  small  ooal  lie  around  the  mines,  waste  and  useless, 
which  might  be  converted  into  the  finest  coke. 

''The  area  covered  by  workable  coal  in  the  region  of  Book  Island  is 
quite  limited ;  and  every  ton  will  be  needed  for  the  local  consumption  and 
die  country  west  in  Iowa.  It  will  not  be  carried  north  or  east,  as  the 
Lasalle  mines  will  more  naturally  supply  that  demand. 

''The  coke  fix>m  this  coal  is  used  by  John  Deer,  Esq.,  in  his  extensive 
works  at  Moline.     Mr.  Deer  makes  cast-steel  ploughs  of  such  superior 
excellence  that  they  are  even  shipped  to  Europe.    They  are  noticed  in  a 
recent  Russian  paper  as  being  the  best  ploughs  yet  introduced  into  thai 
country.     It  is  also  used  in  a  raw  state  by  S.  W.  Thomas,  Esq.,  at  Carbon 
Hill,  in  his  extensive  pottery-works,  with  success.    These  mines  are  of 
great  value,  and  will  be  the  means  of  building  up  extensive  manufiurtnres 
of  all  kinds  at  Rock  Island  and  Davenport.    The  possession^  cheap  fiiel 
will  more  and  more  determine  the  points  to  which  raw  material  will  be 
transported,  and  where  the  great  centres  of  manufiicturing  indostiy  wiU 
be  established.  E.  D." 

The  forgoing  quotation  is  from  one  of  the  late  Chicago  papera,  aeot  u 
by  a  friend.  We  give  it  not  as  a  description  of  the  most  prominent  mintt, 
but  to  convey  an  idea  of  the  manner  and  modes  of  mining. 

The  mines  of  St.  Clair  county,  near  St.  Louis,  are  perhaps  the  most 
extensive  in  Illinois,  and  comprise  nearly  60  operations,  producing  about 
300,000  tons  annually,  besides  the  local  consumption,  which  has  been 
stated  at  200,000  tons.  The  adjoining  mines  of  Madison  and  Grundy 
counties  produced  in  1864  over  100,000  tons.  The  mines  of  Kewanee  are 
said  to  produce  6000  tons  per  month  during  the  winter  season,  and  other 
mines  along  the  line  of  the  Chicago,  Burlington  &  Quincy  Railroad  about 
as  much.    The  annual  production  may  be  stated  at  100,000  tons. 

At  Lasalle  there  are  also  some  important  mines.  That  of  Col.  Taylor 
is  the  most  extensive  in  Illinois,  and  produces  about  300  tons  per  day.  It 
is  mined  from  a  single  shaft,  which  is  250  feet  deep.  This  mine  is  under 
th^  superintendence  of  an  old  Pennsylvanian,  from  the  Broad  Top  and 
Cambria  county  coal-region.  The  value  of  the  coal  at  the  mines  is  fixed 
at  twice  the  price  paid  for  mining. 

We  thus  find  that  the  mines  of  St.  Louis  or  vicinity  produce  500,000 
tons,  those  of  Rock  Island  oyer  100,000,  those  of  Kewanee  and  vicinity 
100,000,  and  those  of  Lasalle  over  100,000,  per  annum, — ^making  a  total 
of  800,000  tons.     It  is  evident  that  over  200,000  tons  are  mined  from  the 


m  IKBIAKA*  371 


mining-locBlitieB  formerly  named  and  not  here  repeated:  oonsequentlyi 
the  prodaction  of  Illinois  mnst  be  over  1,000,000  tons  annually. 
Figure  129  represents  the  erosion  in  a  large  portion  of  this  coal-field. 


Fio.  129. 


EROSION  OF  THE  COAL  MEASURES. 


The  seams  are  horuEontal^  and  the  features  of  the  erosion  are  similar  to 
those  of  Cumberland,  Maryland,  or  Kanawha,  West  Virginia,  except  that 
both  these  r^ons  have  an  inclination  more  perceptible  than  the  dip  of  the 
Illinois  measures,  which  dip  slightly  from  north  to  south  at  an  imper- 
oeptible  angle. 

CENTRAL  COAL-FIELD  IN  INDIANA. 

That  portion  of  the  Central  coal-field  lying  in  Indiana  we  have  stated 
it  6700  square  miles  of  productive  coal-area.  The  coal  formation  is  per- 
hips  fblly  10,000  square  miles  in  extent. 

Hie  maximum  depth  of  the  coal  measures  is  greater  than  in  Illinois,  but 
ksB  than  in  Kentucky.  The  number  of  workable  seams  is  6  in  some 
localities  with  a  total  thickness  of  35  feet;  but  generally  only  three  seams 
are  of  workable  size,  and  towards  the  edges  of  the  field  only  one  is  found 
of  workable  dimensions.  The  upper  cannel-coal  seam  of  the  Kanawha 
does  not  seem  to  exist;  but  the  lower  cannel  is  good  and  productive,  and 
firom  3  to  4  feet  in  thickness.  The  fracture  is  conchoidal  and  rather  dull. 
It  is  heavier  than  ordinary  cannel,  weighing  75  pounds  to  the  cubic  foot, 
and  contains 

Fixed  eaxbon 69.40 

Volatile  matter 34.90 

Ashes 5.70 

100.00 

Kotwitlistanding  its  conchoidal  fracture  when  broken  across,  it  parts 
readily  in  flakes,  and  bums  without  any  tendency  to  coke  or  cake.  Its 
ready  ignition,  rapid  combustion,  and  bright  fierce  flame  render  it  a  splen- 
did fbel  for  Western  steamboat  use,  in  generating  steam  rapidly;  but 
it  is  less  durable  than  the  harder  bituminous  of  bed  B,*  which  contains 

*  We  mr%  not  certain  of  the  identity  of  the  Cannelton  oannel  of  Indianft  with  the  Kanawha 
lower  or  the  Breckinridge  canneL  It  seems  to  be  the  lower  coal-bed,  or  A,  which  ft*e- 
qaentljT  changes  to  cannel  westward,  and  identical  with  the  Cas^yTille  cannel,  which 
contains  20  per  cent  of  ash. 
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\e^  bitumen  aud  more  carbon  tlian  any  of  the  other  workable  beds  in 
Indiana.  The  amount  of  workable  coal  in  this  part  of  tbe  Centnl  ood- 
field  may  be  stated  at  an  average  of  20  feet,  distributed  in  from  one  to  eix 
seams.  The  amount  of  coal  niinixl  can  only  Ije  approximated  at  preseai; 
but  it  cannot  be  Ic&t  than  500,000  tous  annually. 

Figure   130   is  from  Taylor'e  Statistics.     V/'e  introduce  it  merely  bt 
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11  It 
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convey  an  idea  of  the  relative  width  in  the  lower  end  of  tbe  Centnl  dai- 1 
field  and  the  progressive  depreciation  westward. 

CEKTB.4L  COAL-FIELD   IM  WESTERS   KENTOCKY. 

A  singular  increase  in  the  thickness  of  the  coal  measures  takes  pi 
the  Western-Kentucky  portion  of  the  Central  coal-field,  which  «■ 
only  account  for  by  the  greater  angle  of  dip  and,  consequently,  < 
basins  of  this  region.  A  baein  of  coal  is  always  filled  to  ite  own  pi 
horizon,  which,  of  course,  must  conform  to  the  coal-field  in  which  it  eii 
But  in  a  field  where  three  or  four  seams  may  i>e  the  general  number  n 
within  the  measures,  a  local  depression  having  the  basin-shape  and  9 
below  the  Ixise  of  the  surrounding  measures  will  accumulate  bd  m 
amount  of  mensurcs,  and,  consequently,  additional  seams,  until  tbe£< 
horizon  of  the  field  is  reached.  But,  singularly,  tbe  lower  scams  an  ir 
identical  with  eaeli  other  all  through  the  field,  while  tbe  local  W" 
are  always  the  upjwr  ones.  We  said  singularly;  but  natumlly  """Mil 
the  best  expression.  It  presents  evidence  that  all  coal-seams  8R  n 
in  water,  and  that  as  soon  as  the  formation  reaches  the  sur&ce  tbep 
of  coal  and  the  accumulation  of  the  c 

In  Kentucky  the  basins  lie  deeper  than  in  any  other  j 
coid-field,  and  perhaps  as  deep  aa  the  deepest  part  of  the  J 
Geld.   Aa  an  evidence  of  depth,  we  find  the  coal-senms  to  beoi 
thickness,  while  thej|are  in  maximum  numberit.     AU  qut  u 
prove  tliat  tbe  coal-beds  are  invariably  thin  I  ' 
great  depth,  or  in  very  shallow  basiiiBi 
in  basins  of  a  medium  depth. 

We  consider  basins  of  2000  ft*' 
deep  basins,  and  those  of  100' 
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I  we  mesQ  bc^  swampe,  and  Bballow  WBters  irom  0  to  100 

anks  rifle  generally  about  2600  feet  above  sea-level,  though 
iaio  an  altitude  of  3000  feet  or  more.  The  highest  coal  on 
irgin  of  the  Alleghany  field,  outcropping  on  the  high  plateaus 
my  Mountains,  is  about  2300  feet  above  tide.  This  we  must 
vat«r-line  of  the  great  basin  at  the  commencement  of  the  coal 
iTation  of  the  Ohio  at  Cairo  is  290  feet  above  the  sea-level ; 
tie  coal-basins  of  Western  Kentucky  are  not  deeper  than  the 
Ohio,  the  depth  of  the  water  in  those  basins  must  have  been 
I  at  the  commencement  of  the  coal  era.  We  know  that  this 
inn  with  tlie  theories  of  coal  formation  generally  entertained, 
at  depression  must  have  taken  pUice  in  the  MiB8i6sii>pi  Valley ; 
too,  that  this  depression  was  greater  in  the  East  than  in  the 
iter  beneath  the  Allcghanies  than  beneath  the  basins  of  West- 
'.  If  the  centre  of  the  great  basin  was  depressed  during  the 
oal,  the  depression  of  the  All^hany  range  was  greater :  there- 
which  we  have  cited  will  hold  good  under  any  ailment.  We 
er,  set  up  the  foregoing  depth  of  coal-basins  as  an  arbitrary 
vc  simply  come  to  this  conclusion  from  the  examination  of  a 
ins;  but  we  arc  bound  to  state  that  the  process  of  contraction 
lly  increased  the  depth  of  most  of  our  coal-basins,  though  the 
rttons  have  been  rct^iined;  and,  under  such  circumstances,  we 
1000  feet  as  a  maximum,  500  feet  as  a  medium,  and  100  as  a 
th  to  cofl!-bajiins  as  they  originally  existed  at  the  commence- 
!Virboniferou3  era.  But  the  facts  contradict  this;  and  all  the 
:b  in  Europe  and  America,  having  their  original  or  normal 
k1,  prove  the  greater  depth  to  be  the  nearest  correct, 
ng  vertical  section  is  from  Dr.  D.  D.  Owen's  survey  of  Western 
lich  we  copy  from  a  pamphlet  on  the  identification  of  the 
indly  furnished  us  by  Professor  Lesquereux,  of  Columbus, 

lere  state  that  our  identification  of  the  Lower  seams  does  not 
th  that  of  this  eminent  Palieontologist,  simply  from  the  fact 
netted  the  Wilkesbarre  section,  as  laid  down  iu  the  geological 
Hlflylvani^^uorrci't,  awA  liu^^  ideiititicd  the  Mammoth  with 
;  thin  grave  error, — which  must 
1  unctrtaiiity  at  times,  for  which, 
(dcrfiil  how  nearly  the  identifica- 
1  facts  presented,  and  which 
gical  evidence,  ^ree  with  each 

lOut  the  least  knowledge 
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of  eMsk  other's  Ubor;  and  though  m  nay  difier  widety  in  poinii  ot  Kt 
opiaioD,.  the  &ctB  ^icited,  though  obtained  t^  diiferent  ptoeoMi  n 
from  different  points  of  investigation,  ara  oorroborative  and  in  eriden  o 
the  oorreetoeBB  of  the  modes  by  which  the  result  is  obtained. 


Veriieal  Section,  Union  Cbwi^,  Wtiler*  Kmhtekg. 


Coal 01 

Heunres 60 

Coal Ot 

Measarea 3t 

Coal 01 

HeaBorei IDS 

J Coal  CW«yn«abnrg) I| 

Measures lU 

I Coal 1 

Heasnres 77 

H Coal M 

Measures IM 

{  Coal  (Pitlsburj;,  or  Primrose) 3 

G -j  Measurea  (skto  and  fire-clay) 10 

CCoal  (Pittsburg,  or  Primrose) 5 

Measures,  including  Pittsburg  limestoDO 41 

Coal  Ccacnelf) S 

Heasares N 

Coal(oanneir) S 

Measures , 20 

Coal « 

Measaree 70 

P Coal i\ 

Measures  (Mahoning  f) 110 

I"  Coal  (cBDoel?) 3 

Measures 65 

E ^Coal 4 

Meaanres H 

ICoal 8 

Curlew  or  Freeport  limestone 25 

Coal 1 

Measures 131 

D Coal S 

Measorea • 100 

0 Co8](oaiiDelf) > 

Measures,  iocludiag  ferriferous  limestone U 
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Ft 

rCoal 5 

B }  Measures 30 

(Coal OJ 

Measures,  including  conglomerates 110 

A Coal  (cannel?) H 

Conglomerate ^ 

We  obtained  the  foregoing  data  too  late  for  the  purpose  of  illustrating 
bem  with  an  engraving,  uniformly  with  the  other  principal  sections  in  this 
rork.  ^ 

The  celebrated  Breckinridge  cannel  coal  we  presume  to  be  in  position 
V6r  B,  and  identified  with  the  lower  cannel  on  the  Great  Kanawha,  and 
1,  therefore,  the  third  seam  from  the  millstone  grit.  The  cannel-ooal 
Huns  of  Western  Kentucky  appear  to  be  more  numerous  than  elsewhere 
n  the  Western  bituminous  fields,  except  in  the  Great  Kanawha  Valley. 
Ji  the  Pennsylvania  section,  figure  118,  though  an  equal  depth  of  measures 
xiitB,  there  is  less  cannel,  and  not  as  many  coal-seams. 

We  have  been  unable  to  locate  the  Kentucky  cannel-beds  correctly,  for 
he  want  of  the  proper  data.     We  will  endeavor  to  do  so  in  the  Appendix. 

The  amount  of  coal  mined  in  Western  Kentucky  may  be  stated  at 
!60,000  tons  per  annum,  and  the  whole  production  of  the  Great  Central 
nd-field  thus: — 

Illinois 1,000,000 

Indiana 500,000 

Western  Kentucky 250,000 

1,750,000 
THE  GREAT  WESTERN  COAL-FIELD  IN  MISSOURI  AND  IOWA. 

The  Great  Western  coal-field,  as  we  before  stated,  is  part  of  the  Central 
)al-field,  and  might  be  appropriately  described  under  the  name  of  the 
Ghreat  Central  ;'^  for  such  it  is. 

On  the  east  of  the  Mississippi,  the  accompanying  map  displays  the 
entral  field  in  Illinois,  divided  only  by  the  erosions  of  the  vast  river 
hich  separates  these  fields;  and  on  the  west  of  the  Missouri  River  we 
Jght  display  a  continuation  of  this  field  to  a  limited  extent  in  Kansas 
id  Nebraska,  as  illustrated  in  figure  117,  or  the  transverse  section  of  the 
■eat  basin. 

The  area,  as  shown  on  the  map,  is  45,000  square  miles,  of  which  21,000 
uare  miles  exist  in  Missouri  and  24,000  square  miles  in  Iowa. 
The  dimensions  or  productive  extent  of  the  Great  Central  ooal*field  in- 
nsive — applying  this  title  to  the  coal-fields  in  the  central  portion  of  the 
^eat  basin — ^may  be  set  forth  thus :— 
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Sq.  Mflei. 

Illinois 35,0U0 

Indiana 10,000 

Western  Kentucky 5,000 

Iowa 24,000 

Missouri 21,000 

Nebraska 4,000 

Kansas 12,000 

Arkansas '12,000 

Total 123,000 

The  denuded  area  over  which  this  great  field  once  extended,  connecting 
all  in  one  vast  basin,  must  undoubtedly  be  double  the  extent  of  the  present 
productive  area  as  above  set  forth. 

The  western  portion  of  the  field  contains  only  the  lower  fleams,  and 
seldom  more  than  three;  in  most  localities  only  one  workaUe  bed — the 
persistent  and  extensive  B — is  found. 

Figure  131  will  illustrate  the  geology  of  Missouri,  which  diftn  little 
from  that  of  Iowa.  In  relation  to  the  coal  of  Missouri,  we  aHiike  Ae  Al- 
lowing quotation  from  the  geological  survey  of  that  State  hf 
Swallow: — 

''  Workable  beds  of  coal  exist  in  nearly  all  places  where  the  oosL; 
are  developed,  as  some  of  the  best  beds  are  near  the  base  and  eflq|i:«iil€n 
the  borders  of  the  coal-field.  All  the  little  outliers  along  iha  fapnkfB 
c*ontain  more  or  less  coal,  though  the  strata  are  not  more  than  ten  or  fiAeen 
feet  thick.  But,  exclusive  of  these  outliers  and  local  deposits,  we  have  an 
area  of  26,887  square  miles  of  the  regular  coal  measures.  In  many  placw 
the  thickness  of  the  workable  coal-beds  is  over  15  feet;  and  tlie  least 
t'stiiiiate  that  cart  be  made  for  the  whole  area  is  5  feet.  * 

"This  will  give  134,435,000,000  tons  of  good,  available  coal  in  oar 
State.  (?)  In  our  efforts  to  estimate  the  economical  value  of  so  vast  a  deposit 
of  this  most  useful  mineral,  we  must  constantly  bear  in  mind  the  position  of 
these  beds  beneath  the  soil  of  one  of  the  richest  r^ons  on  the  contiiwDt, 
within  a  State  whose  manufiicturing  and  commercial  facilities  and  resoarsft 
are  scarcely  inferior  to  any,  and  adjacent  to  the  Missouri  River,  and  the 
Pacific,  the  North  Missouri,  and  the  Hannibal  &  St  Joseph  Railnad?- 
With  all  these  advantages  of  location,  the  certainty  that  these  coal-beds 
ran  furnish  100,000,000  tons  per  annum  for  the  next  1300  years,  (?)  mA 
then  have  enough  lefl  for  a  few  succeeding  generations,  is  a  fiict  of  iK^ 
Kinall  importance  to  the  State." 

GEOLOGY  OF  MISSOURI. 

Figure  131  illustrates  the  geology  of  Missouri,  and  the  relative  position 
of  the  coal-seams.    The  coal  measures  embrace  a  thickness  of  650  feet,  ani 
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■  imni^f  'i  -HMiiis  aamll  and  large,  is  9;  of  wliich  only  three  can  be 

The  geology  of  this  State  differs  but  little  from 
■"      '  ilirti  of  lllinoi.s,  and  perhaps  were  the  survm 

^,    <■  ■  -  "  ■    both  made  by  the  same  individuals  there  would 

be  no  dificrcneo,  ex<vpt  in  local  distaooes. 
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The  coal  measurefl  are  not  as  thick  by  150  (tH 
in  Miaeouri  as  they  are  in  Illinois,  and  eeveral  of 
the  eandrocks  are  wanting;  but  while  the  sad- 
Btones  decrease,  the  limestonea  iDcna.«c.  The 
magnesian  limestones,  intercalated  with  cal- 
ciferoua  sandstones,  are  1000  feet  thick  in  Mir 
Bouri;  but  the  Galena  liuestoue,  its  equivalent,  is 
only  300  feet  thick  in  Illiuois.  (?) 

In  Pilot  Knob,  Irou  Mountain,  and  %'icinitT, 
the  gneiss  makes  its  appearance,  and  the  orei  ai 
that  celebrated  region  exist  in  the  gaeiasic  fbmu- 
tion,  intersected,  however,  by  porphyiy,  which 
seems  to  have  been  ejected  with  the  metal liofiDS 
tlirough  the  igneous  or  (firanitic  rocks  below.  Tit 
identification  of  figure  131  with  figure  128  nil 
be  found  complete,  though  the  names  of  the  form' 
atlons  are  frequently  different.  The  gOKTal 
continuation  of  the  limestones  of  PcDn^lvanii, 
and  the  absenoe  of  the  sandstones,  wilt  be  noticed. 
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The  coal  measures  thin  rapidly  in  a  northou 
direction  from  Missouri,  and  in  Iowa  the  pro- 
ductive measures  are  generally  less  than  100  iKt 
in  thickness,  containing  only  one  reliable  orit'orl:- 
able  bed  of  coal,  which  ranges  from  4  to  5  feet  in 
thickness. 

Professor  Owen,  in  his  report,  says, — 

"Coal  and  iron  in  abundance  have  been  found, 

and  other  valuable  minerals.     The  coal  nKanins 

of  Iowa  are  shallow ;  much  more  so  tlion  thoK 

of  the  Illinois  coal-field.     They  seem  attenuated 

towards  the  mai^n  of  an  ancient  Carboniferous  sea,  not  averaging  idor 

flffy  fikthoms  (300  feet)  in  thickness.    Of  these  the  productive  cotl 
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urea  are  less  than  one  hundred  feet  thiok«  The  thiekest  vein  of  ooal 
ied  in  Iowa  does  not  exceed  from  four  to  five  feet;  while  in  Missouri 
reach  the  thickness  of  twenty-five  &et(?)  and  upwards.  In  quality 
3al  18  on  the  whole  inferior  to  the  seams  of  the  Ohio  Yallefr.  To 
bowever,  some  very  fair  beds  form  exoeptic«ia» 
f  this  coal-field  in  Iowa  alone,  not  including  its  extennon  south  into 
»uri,  the  dimensions  are  as  follows.  Its  average  width  firom  east  to 
is  less  than  200  miles;  its  greatest  length  from  north  to  south  is 
140  miles;  its  contents,  about  25,000  square  miles;  its  extent,  mea- 
in  a  direct  line,  is  200  miles  in  a  northwesterly  direction  up  the 
r  of  the  Des  Moines." 

e  amount  of  coal  produced  in  the  Ghreat  Western  coal-field  in  Mis- 
and  Iowa  is  about  600,000  tons  per  annum. 

e  coal-fields  of  Arkansas,  Kansas,  and  Nebraska  are  but  partially 
oped,  and  little  can  be  said  concerning  them  of  practical  value,  m(»re 
bo  state  their  extent  and  character. 

e  coals  of  Kansas  and  Nebraska  are  merely  the  thin  western  edges 
e  Great  Central  coal-field,  where  only  the  lowest  beds  exist,  and 
I  frequently  only  the  lowest  bed  of  thin  cod  is  found.  In  Arkansas 
lol  measures  approach  nearly  the  character  of  those  in  Missouri,  and 
in  much  the  same  relation  to  the  centre  of  the  great  basin, 
nimming  up,  we  find  the  total  area  of  productive  coal  measures  within 
reat  Appalachian  basin  to  be  190,000  square  miles,  exclusive  of  Texas 
he  coal  that  may  and  does  exist  on  its  extreme  western  edges.  This 
area  may  be  properly  divided  into  two  distinct  and  comprehensive 
f  under  the  respective  names  of  the  Great  All^hany  or  Eastern  coal- 
and  the  Great  Central  coal-field.  The  time  has  not  yet  arrived  to 
le  the  "Great  Western  coal-field,'* — though  we  have  thus  denominated 
estern  portion  of  the  Central  coal-field. 

e  division  of  the  great  coal-areas  described,  or  the  portions  existing 
3  respective  States  within  their  limits,  may  be  enumerated  thus: — 
lEAT  Alleghany  coxl-fibld  in 


k 


Sq.  Milaa. 

..  Pennsylyania 12,656 

I.  Ohio .* 7,100 

I.  Maryland 550 

L  West  Virginia 16,900 

1.  East  Virginia 160 

I  Kentucky 10,700 

r.  Tennessee 3,700 

I  Georgia 170 

I  Alabama 4,300 

66,226 
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Great  Central  ooal-fielp  in 


6q.  Miles.  8^  lObt, 


1.  Illinois 35,000 

2.  Indiana 10,000 

3.  WoHtorn  Kcntaoky 5,000 

4.  Misaouri 21,000 


5.  Iowa 24,000 

6.  Arkansas 12,000 

7.  Kansas 12,000 

8.  Nebraska 4,000 


123,000 

Alleghany  coal-field 55,000 

Michigan,  or  Northern,  coal-field 12.000 

Total 190,000 


BirrMINOUS  PRODrCTIOX. 

Tho  totttl  present  pnxiuotion  may  be  stated  approximately  thus: — 

Tom. 
.Mloghany  i\>al-fiiM 9,078,708 

IViitral  iH\«l-tiold 2.250,000 

Michigan,  or  Northern,  coal-field 100,000 

Total  for  18C4* 11,428,708 

TOTAL  PRODUCTIOX. 

The  total  production  of  the  Unitcnl  Statc-s.  including  the  anthracites  and 
semi-bituminous  of  Eastern  Penn.sylvai;ia,  stands  thus  for  1864: — 

Tons. 

Anthracite 10,000.000 

Semi-bitnminous 635,319 

Southern  bituminous  (Virginia  and  North  Carolina)f 200,000 

Western  bituminous 11.428,708 

Total  product 22,264,027 

RESOURCES  OF  THE  GREAT  BASIN. 

The  resources  of  the  great  inland  basin  which  we  have  been  describing 
are,  without  exception,  superior  to  any  thing  of  the  kind  which  the  world 
can  present, — in  fact,  so  immeasurably  superior  that  no  comparison  can  be 
made  even  with  the  most  favored  mineral  region  yet  known  to  science  or 
the  world. 

*  The  production  of  the  Southern  States  is  estimated  hj  the  amount  mined  before  the 
war.  During  the  war,  and  since,  but  a  limited  proportion  of  the  quantity  assigned  then 
has  been  produced.  In  a  former  page  will  be  found  the  production  of  each  coal-prodaciog 
State;  but,  deducting  the  entire  production  of  the  Southern  States,  the  amount  of  cotl 
produced  in  1864  wiU  still  be  orer  20,000,000  tons. 

f  This  amount  was  not  reduced  during  the  war;  but  it  may  be  less  in  1865. 
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Of  the  l,500fiOO  square  miles  within  this  immense  basin,  drained  by 
he  waters  of  the  Mississippi,  the  Alabama,  and  the  Bio  Grande,  there  is 
carcely  a  mile  that  is  not  available  as  agricultural  or  mineral  land. 
ATithin  the  basin  the  greatest  portion  of  the  coal-fields  presents  a  rich  and 
iroductive  soil,  and  the  margins  of  the  basin,  terminating  on  the  lime- 
tones  or  the  gneissic  mineral  rocks,  not  only  present  the  richest  beds  of 
ron,  copper,  and  lead,  but  also  a  sur&ce  generally  susceptible  of  cultivation 
ind  much  of  it  extremely  productive. 

The  form  of  this  great  basin  is  also  eminently  available  to  the  industrial 
)ur8uitB  and  economic  uses  of  society.  The  rivers  tend  to  one  common 
sentre,  and  their  descent  is  so  uniform  and  gradual  that  most  of  them 
an  be  navigated  almost  to  their  sources,  while  their  banks  present  ready 
grades  for  our  great  railroad-lines. 

The  entire  area  thus  drained  is  capable  of  supporting  a  population  as 
lense  as  that  of  England,  with  more  ease  and  equal  wealth;  or  the  great 
Mississippi  basin  is  fully  capable  of  supporting  one-half  the  population  of 
lie  earth  in  wealth  and  luxur}\  It  may  be  many  years,  perhaps  centuries, 
)efore  500,000,000  inhabitants  shall  crowd  this  vast  and  rich  arena.  But 
liere  is  no  limit  that  we  can  now  place  to  the  increase  of  our  population ; 
lor  can  we  say  that  the  time  will  not  come  when  even  the  number  we  have 
specified  shall  find  £ree  homes  in  the  magnificent  plains  beyond  the  Alle- 
rhanies. 

Our  coal-fields  then  will  fulfil  the  uses  designed  by  Providence,  and  our 
noun  tains  of  iron  will  be  reduced  to  implements  of  industry  and  trade, 
ind  all  may  conduce  to  the  prosperity  and  happiness  of  a  nation  having 
lo  rival  or  counterpart,  where  the  people  are  only  accountable  for  their 
►wn  welfare  and  peace,  and  where  the  blessings  of  Heaven  may  be  enjoyed 
'  under  pur  own  vine  and  our  own  fig-tree,  and  none  to  make  us  afraid.^' 
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CHAPTER  XX. 

K0BTHRAJ9TERN  OOALi-FIELDS. 

New  EngUiid  AnthrMito  Coal-Fielda — Imperfeet  FomuUions — Gdcimw  Deposits— AIUkI 
Rocks — Character  of  the  Coal  and  the  Coal-Fields — Mining  Operations — ^The  Areaditi 
Coal-Fieldfl  in  the  British  North  American  ProTinces — Formation  of  Coal — Depreanoa 
of  the  Basins — Growth  of  the  Limestone — Coal  and  Coal  Measures — Thickness  of  Goal- 
Beds — Area — NoTa  Scotia — New  Brunswick — Prince  Edward's  Island — Capo  Bretos 
Island — ^Newfoundland— Oil-Coal — Gas-Coal — Comparison  with  the  Gas-Coals  of  Virginia 
and  PennsjWania. 

NEW  ENGLAND  ANTHRACITE  FIELDS. 

The  coals  of  the  New  England  States  are  anthracite  in  chancto,  ind 
were  formed  nnder  the  same  influences  which  produced  the  anthracite  of 
Pennsylvania;  but  the  geological  conditions  difier  materiallj,  and  the  in- 
tensity of  the  heat  to  which  the  bitumen  and  carbon  forming  the  ooal  were 
subjected  in  consequence,  destroyed  their  value  as  a  fuel. 

The  coal-basins  of  Massachusetts  are  found  in  or  doaely  npon  die 
gneissie  rocks,  and  partake,  in  consequence,  of  all  the  imperfections  whidi 
always  accompany  such  formations. 

The  depreciation  of  the  Palaeozoic  rocks  in  the  northeastern  limits  of  the 
ancient  Appalachian  Sea  are  almost  as  marked  and  uniform  as  that  which 
notes  their  progress  west.  But  in  the  New  England  States  existed  the 
granite  boundaries  of  the  great  basin,  and  the  formations  of  a  later  period 
only  took  place  in  the  depressions  of  the  granitic  or  gneissie  rocks. 

The  coal,  therefore,  is  peculiar,  or  characteristic  of  all  such  formatioDfl^ 
— thin  and  irregular  in  its  stratified  beds,  or  subject  to  sudden  contractiou 
and  enlargements,  to  upthrows  and  downthrows,  slip  dykes  and  rock 
&ults,  saddles,  troubles,  hitches,  dirt-  fiiults,  and  all  the  ills  of  coal-btsutf 
existing  without  those  necessary  conditions  for  the  production  of  ooal 
noticed  in  Chapters  III.  and  lY.  of  this  book. 

It  has  been  stated,  and  partially  demonstrated,  that  this  coal  really  does 
exist  in  the  true  Palseological  position  of  our  great  coal-fields,  and  that  the 
sedimentary  strata  in  which  it  exists  have  been  metamorphosed  by  heat  into 
the  sub-crystalline;  but  this  does  not  alter  the  effect,  since  intense  heat  only 
could  change  the  rocks  in  this  manner,  as  all  the  metamorphic  or  gneissie 
rocks  have  been  changed  by  the  same  means. 

The  basins  in  which  this  coal  exists  are  extremely  imynliLr^  and  mint 
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Ave  been  always  an&vorable  for  the  even  and  nniform  Btratifioation  of 
doable  coal-beds;  but  these  unfavorable  conditions  have  been  subee- 
aently  increased  in  deformity  by  lateral  contractions^  which  have  doubled 
id  folded  the  strata  in  sharp  waves^  and  not  only  crushed  the  coal^  but  by 
le  irr^ular  movements  of  the  crust  caused  the  coal-beds — and  of  course 
le  accompanying  strata — ^to  slide  above  or  .below  their  true  horizons  of 
mnection. 

We  find  the  same  cause  operating  violently  on  the  value  of  the  Pied- 
lont  and  New  River  coal-fields  of  Virginia,  as  far  as  the  slides  and  fiiults 
^e  concerned;  but  in  these  Southern  fields  the  heat  has  not  been  so  intense; 
ity  a  small  portion  of  their  coals  has  been  changed  to  anthracite ;  but 
le  anthracite  is  always  on  the  side  nearest  the  r^ions  of  heat,  and  the 
ituminous  coal  is  always  most  remote. 

In  the  anthracite  coal-fields  of  Pennsylvania  an  immense  thickness  of 
dimentary  or  Palseozoic  strata  existed  between  the  coal  and  the  r^ons 
^  heat,  and  formed  an  even  and  uniform  floor  for  the  reception  of  the  coal 
easores.  It  is  possible  and  probable  that  the  intensity  of  heat  and 
dcanic  action  was  &r  greater  in  the  vicinity  of  the  Pennsylvania  than 
le  New  England  anthracites;  but  the  interposition  of  the  immense  shield 
*  Palaeozoic  strata  not  only  preserved  the  coal  from  actual  contact  and 
struction,  but  added  materially  to  the  growth  of  the  coal-beds  by  the 
t)duction  of  the  carbon  and  bitumen  which  escaped  from  them. 
B'othing  can  be  more  evident  than  the  fitct  that  the  salvation  of  our 
agnificent  anthracite  fields  is  due  to  the  immense  thickness  of  the  Palce- 
»ic  or  stratified  floor  upon  which  they  rest.  Had  it  not  been  for  this  pro- 
ction,  we  should  have  had  distorted  and  jumbled  basins  of  plumbago,  coal, 
it,  slate,  and  rock.  Even  under  the  fiivorable  circumstances  in  which 
ey  exist,  some  of  our  deepest  and  largest  basins  nearest  the  regions  of 
)lcanic  heat  have  barely  escaped  its  destructive  influences. 
In  Pennsylvania,  as  in  all  anthracite  basins,  the  hardest  and  purest 
ithracite  is  always  nearest  the  point  from  whence  the  heat  emanates,  and 
e  softest  or  semi-bituminous  is  most  remote,  but  with  this  exception : 
hen  the  coal  is  unprotected  from  the  intense  heat  by  intervening  strata, 
is  firequently  destroyed  by  that  heat,  or  subsequently  crushed  and  dis- 
rted  by  the  contractions  of  the  crust  when  condensed  by  the  evaporation 
'  loss  of  the  same,  viz.,  heat. 

Various  attempts  have  been  made  to  develop  the  coals  of  New  England, 
r  practical  as  well  as  those  who  were  not  practical  men ;  but  they  have 
1  resulted  in  failure,  not  for  the  want  of  means  or  experience  (except  in 
few  cases),  but  because  the  beds  were  too  unreliable  and  irr^ular  to 
smit  the  production  of  coal  with  economy,  or  in  competition  with  mining 
lerations  in  the  reliable  coal-beds  of  Pennsylvania. 
We  give  below  a  section  from  Taylor's  Statistics,  across  the  Portsmouth 
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ba8iii  in  Rhode  Island^  from   Mount  Hope  Bay  to  Narraganset  Bar, 
Jooking  north. 

The  centre  of  the  basiu^  or  the  measures  overlying  the  ooal,  appeu*  to 
consist  of  altered  sedimentary  rocks^  metamorphosed  fiY)m  the  oommoa 

Fi(L  182. 


Ooal-SMint.  Ooftl-Seaini. 

Dip  46°. 

TRANSVCRSC  SECTION.  PORTSMOUTH  ANTHRACiTi  BASIN. 

slates  and  sandstones  to  the  crystalline,  sedimentary,  or  metamorphic,  k 
heat  in  water.  The  coal  rests  on  a  coarse  conglomerate,  made  up  with  tbe 
fragments  of  primitive  rocks,  but  singularly  impressed  with  fossil  form* 
peculiar  to  later  ages;  thus  presenting  evidence  of  the  existence  of  the  oMer 
rocks  in  superior  position,  or  at  greater  elevation  than  the  basin  in  whicb 
this  coal  wa.s  found.  There  are  three  seams  of  coal  outcropping  on  the 
western  side,  dipping  towards  the  centre  of  the  basin,  at  an  angle  of  45°, 
but  flattening  towards  the  centre.  They  are  all  much  crushed  tod 
irregular.  The  average  size  of  these  seams  is  about  3  feet;  bat  they  are 
constantly  liable  to  sudden  changes,  and  vary  from  a  few  inches  to  is 
many  feet  in  a  short  distance. 

The  outcrops  frequently  yield  plumbago,  and  occasionally  nests  of  almoit 
pure  graphite  are  found  in  the  coal-beds.  That  near  the  surfiwe  is  col- 
lected and  sold  as  black  lead,  under  the  name  of  '' British  lustre,'' and 
makes  a  good  polish  for  stoves,  &c. 

Notwithstanding  the  defects  and  irregularities  of  these  coal  formatiODS, 
the  coal  when  in  its  best  condition  is  very  good,  and  presents  the  foUowing 
analysis: — 

Carbon 87.40 

Moisture 6.20 

Ashes 6.40 

100.00 

which  indicates  a  true  anthracite ;  and  most  of  our  geologists  who  ba^ 
examined  this  region  pronounce  the  coal  of  great  local  value.  ProfeKor 
Hitchcock  says,  "Ere  long,  the  anthracite  of  Khode  Island,  and  even  that 
of  Worcester,  will  be  considered  by  posterity,  if  not  by  the  present  gene- 
ration, as  a  treasure  of  great  value."  And  in  publishing  his  final  report  in 
1840,  he  says, — 

"  I  became  satisfied  that  a  part  of  this  region  was  a  true  coal  formatioDf 
and  so  marked  it  on  the  map.  I  now  go  a  step  &rther,  and  maintain  tbit 
the  whole  of  this  tract,  embracing  not  less  than  600  square  miles,  is » 
genuine  coal-field  that  has  experienced  more  than  ordinary  metamcffpluc 
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lion.  The  metamorphic  action  to  which  this  deposit  and  the  coal  have 
en  subject  is  twofold,  viz. :  first,  mechanical ;  seoond,  chemical. 
''The  mechanical  forces  seem  to  have  operated  on  the  strata  containing 
e  coal  in  a  lateral  direction,  so  as  not  only  to  raise  them  into  a  highly 
dined  position,  bat  also  to  produce  plaits  or  folds  such  as  would  be 
rmed  if  several  sheets  of  paper  lyii^  upon  one  another  were  taken  into 
Doan's  hands  and  by  pressure  on  the  opposite  edges  were  crumpled  so  as 
form  ridges  and  hollows. 

''The  chemical  metamorphoses  which  these  rocks  have  experienced  con- 
it  mainly  in  such  effects  as  heat  would  produce. 

"•  .  •  •  The  evidence  seems  very  strong  on  which  I  base  the  conclusion 
ftt  the  Bristol  and  Rhode  Island  deposits,  with  v^etable  remains,  pos- 
m  mudi  the  age  and  character  of  a  true  coal-field  as  the  Carboniferous 
nod  of  the  geologists. 

"L  In  tiie  first  place,  the  general  outline  of  the  surfiuse  over  this  field 
Responds  with  a  regular  coal-field  or  basin. 

"H.  The  rocks  correspond  essentially  to  those  of  the  coal  measures. 
"111.  The  number,  position,  strike,  dip,  and  general  character  of  the 
da  of  coal  already  discovered  in  the  district  under  consideration  render 
probable  that  it  is  all  one  coal-field,  or  essentially  one. 
"IV.  The  character  of  the  vegetable  remains  found  in  connection  with 
ese  coal-beds  make  it  almost  certain  that  they  belong  to  the  ooal  measures 
ilie  Oarboniforbus  period.'^ 

Dr^  Jackson  thinks  that  the  coal  of  Mansfield,  in  Massachusetts,  may 
worked  with  much  profit  if  pursued  with  skill  and  judgment. 
But  the  difficulty  in  the  way  of  profitable  mining  in  these  New  England 
il-fields  will  be  evident  to  practical  men.  Most  of  the  coal  lies  below 
tter-level,  and  can  only  be  reached  with  long;  deep  slopes  or  shafts;  and, 
the  beds  are  thin,  a  great  distance  must  be  opened  out  to  produce  even  a 
lall  amount  of  coal. 

The  cost  of  erecting  machinery  and  establishing  mines  under  such  cir- 
mstances  is  great,  and  the  operation  of  them  expensive;  while  at  best 
e  coal  can  only  be  obtained  at  double  the  cost  in  ordinary  mining  opera- 
ina  in  other  thicker  and  more  r^nlar  beds.  But,  in  addition  to  all 
oee  serious  drawbacks,  when  the  mines  are  opened  and  the  proprietors 
mmencing  to  realize,  a  sudden  stop  is  put  to  the  production  of  coal  by  a 
^wnthrow,  an  upthrow,  a  fiiult,  or  a  thinning  of  the  seam,  which  may 
ntinue  to  an  indefinite  extent. 

These  difficulties,  or,  as  the  Richmond  (Virginia)  miners  call  them, 
roubles,"  are  always  met  with  sooner  or  later,  and  almost  invariably  end 
fiulure.  Three  feet  of  coal  would  pay  well  in  the  New  Ei^land  States 
the  seams  were  regular  and  pure;  but  under  existing  circumstances  it  is 
laestion  if  any  mode  of  mining  would  result  profitably.    The  only  rea- 
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the  south  not  only  produced  part  of  the  material  to  fill  them,  but  produced 
the  result  which  depressed  them  below  the  level  of  the  Atlantia 

We  have  no  doubt  but  that  this  depression  was  slow,  and  the  process  of 
accumulating  the  vast  pile  of  measures  which  now  fill  these  basins  giadoal 
and  continuous.  While  the  coal  formed  in  the  anthracite  basins  and  quiet 
reigned  over  the  face  of  the  vast  inland  seas,  the  limestones  grew  in  Ar- 
cadia as  thej  grew  in  the  West,  but  perhaps  &ster. 

The  probable  depth  of  these  basins  is  not  &r  firom  20,000  feet,  and  the 
thickness  of  the  coal  measures  in  the  deepest  not  much  short  of  15,000 
feet.  It  is  not  probable  that  they  were  originally  of  this  great  depth,  but 
that  they  have  increased  their  original  depth  by  the  gradual  subsidence 
which  took  down  all  the  Eastern  mountains  from  Newfoundland  to  Cuba, 
and,  consequently,  the  accompanying  and  nearest  basins.  But  that  they 
were  originally  deep  there  can  be  no  doubt,  since  the  first  2314  feet  of 
measures  contain  no  coal,  and  the  next  succeeding  3240  feet  only  nine 
small  scams  of  coal,  aggregating  10  inches  in  all,  and  corresponding  to  oar 
&lse  coal  measures.  Above  this  there  are  2082  feet 'containing  no  coal. 
Thus  we  find  that  over  7000  feet  of  measures  were  precijpitated  into  the  deep 
waters  of  the  Arcadian  basins  before  workable  coal-seams  did  or  could  com- 
mence to  form.  Even  then  the  depth  in  which  they  formed  must  be  great, 
since  the  seams  are  extremely  thin  and  unproductive :  only  7  out  of  47  seams 
are  of  workable  size,  and  these  contain  only  20  feet  of  workable  coal ;  whOe  the 
other  40  seams  are  only  from  }  an  inch  to  14  inches  in  thickness  respeetivelj. 

These  47  seams  exist  in  2819  feet  of  measures.  Above  these  are  2131 
feet  of  measures,  containing  22  unproductive  or  thin  scams,  aggr^tiif 
5  feet  of  coal.  The  upper  series,  and  perhaps  the  only  truly  productive 
portion  of  this  immense  thickness  of  measures,  is  2267  feet  thick,  and 
contains  12  coal-seams,  the  thickest  of  which  is  36  feet,  the  whole  aggre- 
gating 72  feet  of  workable  coal  in  6  seams. 

The  following  data,  from  a  reliable  and  interesting  report  by  Capt.  Thoe. 
Petherick,  may  be  depended  on  as  representing  the  workable  coal  in  the 
Pictou  district  of  Nova  Scotia. 

NUMBER  OF  COAL-SEAMS  AND  THEIR  THICKNESS  IN  TEE  PICTOU  DISTBICt 

NOVA  SCOTIA. 

No.  1.  "Main  coal" 1 ^  f  36  feet 


No.  2.  "Deep  coal" j   "^^  *"""  (22 

No.  3.  "Third  coar ^  f   4 


I  148  feet*. 


No.  4.  "Purvis  coal" (  ^go  feet* I    J 


1 


No.  5.  "  Flemming  coal" 

6 

No.  7.  "Oil  coal" 240  feet* 4 

No.  8.  2d.  Oil  coal,  not  examined J 


u 
u 
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At  a  point  where  the  Pictou  main  coal  is  set  down  as  38  feet  thick,  the  coal* 
lenehes  or  strata,  with  intercalated  slates  and  clays,  are  thus  described: — 

Feet.  Inohes. 

Roof,  sofl  crumbling  slate 0  3 

Coal,  shaly 0  6} 

Coal,  laminated,  with  ^^  mother  of  coal" 2  0 

Coal,  cubical 3  2 

Shaly  ironstone  and  fossils 0  4} 

Coal,  laminated  and  cubical,  with  slates 9  3 

Shaly  ironstone,  with  fossils 9  8 

Coal  intermixed  with  iron  balls 1  2 

Coal  with  thin  slates 6  7 

Ironstone  and  sulphur 3  0 

Coal  with  thin  bands  of  slate 10  3 

Coarse  coal  with  slate  and  sulphur 1  0 

Coal  with  sulphur  rolls 2  1 

Coal,  laminated  and  cubical 2  3 

Fire-chiy 0  10 

AREA. 

The  area  of  the  Arcadian  coal-fields  is  very  extensive,  and  has  been 
arionsly  estimated  from  5000  to  10,000  square  miles.  The  totfJ  area  is 
erhaps  not  less  than  9000  square  miles  of  coal  measures ;  but  we  have 
esitated  to  accept  2500  square  miles  as  productive,  since  the  large  or  work- 
ble  seams  cover  but  a  comparatively  small  limit,  while  the  underlying 
od  unproductive  seams  exist  over  a  wide  extent  of  territory.  The  large 
pper  seams  have  not  been  found  in  any  but  the  Pictou  basins.  In  Cum- 
erland,  at  the  Joggins,  the  third  series  of  coal-seams  appears  to  produce 
11  the  workable  coal,  which  exists  in  the  following  order: — 

Feet.        InofaeB. 

1.  Upper  or  Pictou  measures,  not  existing. 

2.  2134  feet,  containing  22  coal-beds (coal)     5  5 

3.  2539    *^  "         47        ''        (coal)  47  9J 

4.2802    "  "         no  coal-beds 

5.  3240    "  "  9         "        (coal)     0  10 

Beds 78  (coal)  "54         "Oi" 

The  thickest  bed  among  these  78  seams  is  only  4  feet  6  inches  in  diame- 
jr,  and  contains  only  3  feet  8  inches  of  coal ;  while  only  two  or  three  of 
le  remainder  contain  more  than  2  feet  of  workable  coal ;  and  since  these 
»m8  are  measured  where  exposed  on  a  high  bluff  against  the  Bay  of 
'ondy,  or  the  Chignecto  Bay  thereof,  where  much  of  the  ori^nal  out- 
"ops  must  have  been  swept  away  by  the  waters,  and  thus  exposing  the 
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ooal-bcds  in  their  maximum  oondition,  we  may  expect  these  seams  to  de- 
preciate as  thej  descend  under  the  deeper  parts  of  this  deep  Camberland 
basin.  It  is  not  likely,  therefore,  that  these  seams  will  ever  be  very  pro- 
ductive; and,  since  the  same  lower  measures  exist  exclusively  in  New 
Brunswick,  and  perhaps  in  Prince  Edward's  Island  and  Newfoundland, 
thoso  coal  districts  can  never  be  considered  productive  to  any  extent 

The  ctxil  districts  of  the  "  Joggins/'  in  Cumberland,  and  a  ooneqx>Dd- 
ing  horizon  throughout  this  county,  may  produce  coal  for  local  demand,  bat 
little  for  exportation.  The  same  may  be  said  of  the  coals  of  New  Bnui»- 
wiok,  IVinoe  Edward's  Island,  Newfoundland,  the  eastern  extremify  of 
Nova  Scinia,  and  the  southwestern  end  of  Cape  Breton  Island.  The  onlj 
pnxluv'tive  districts  are  those  of  Pictou  in  Nova  Scotia  and  Sidnej  in 
C^po  Brvton  Island :  and  we  think  our  estimate  of  2500  square  miks 
quite  as  extensive  as  the  productive  area. 

The  eiMl-^^ttSK^  <vf  Sidney,  in  Cape  Breton  Island,  are  of  modente 
dtmensktt^    Tber  laav  be  thus  enumerated : — 


FaO. 

Tv«^  Mir 8  8 

M^nm^ 280  0 

IrfvftV  \V«r  swaa 5  0 

^iumu  730  0 

liyi.M»><Mm 6  9 

TljjM^irr  460  0 

»iMli«i  tV-^  *«« 4  8 

T^  K^'^Hmi  rtial-fields  in  the  British  Provinces  are  divided  hy  geo- 
Xf^p^,^  ^t!^  «  iiuiiil)cr  of  districts  or  basins ;  but  each  district  (as  tbe 
^^.*«r;  'MM^t  h^  divided  into  several  basins,  in  which  the  coal-seams  ondn- 
l«^  ^^VK'Ml  \Hmiing  to  the  surface,  or  they  outcrop  and  the  basins  are 
^\«i^W.  ^>  the  Mountain  or  Carboniferous  limestone,  or  the  metamorphic 
%k1^  ^[^^mUo  nH'kM.  The  basins,  however,  are  wide  and  deep,  and  the  dip 
sH  i4^'  ««^i^U  ii*  grudual  and  uniform, — seldom  over  20^  in  indinatioD,  and 
^>^n^h(^  uiueh  lielow. 

^'K'M^'  (hmIum  were  not  formed,  as  most  of  our  Eastern  basins  are,  on  the 
^lAsV^MH^  wliicJi  fill  or  prepare  them  for  the  coal  measures,  but  are  formed 
v,^  vbe  ^^I'iv  limestones  which  succeeded  the  Potsdam  sandstone  and  the 
^u\^^»m(o  |hmm(m1  ;  and  the  succeeding  limestones  which  fill  our  Western 
^^^^  hUi  ntake  up  the  greatest  portion  of  the  measures  in  these.  Bat 
m^^M^lM  iht^rt)  are  more  shales,  slates,  clays,  and  sandstones  here  than  in  the 
\\Ani|«  Ad  ihimt  l)asins  are  deeper  than  the  Western  basins,  and  perhaps  sab- 
|^h4  Io  iiion^  drift  and  debris  from  the  higher  grounds  which  surroanded 
^^m  and  (Vom  the  great  river  which  flowed  into  them.  They  were 
^(iH»r  liMin  our  Western  basins ;  and,  since  all  appear  to  have  been  filled 
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nmrlj  to  the  brinii  of  oonne  the  deepest  banns  letuned  or  held  die 
graitest  amount  of  sediment 

The  amoant  of  salphnr  and  iron  pyrites  in  the  measoies  and  seams 
of  the  Arcadian  fields  is  of  serious  injury  to  the  value  of  the  ooal. 
We  may  aooount  fon  its  existence  as  a  creation  from  sublimation ;  and 
sinoe  salphnr  and  iron  pyrites  exist  in  greatest  profusion  in  the  viciniiy  of 
tfie  gnmssio  fbrmationi  and,  consequently,  in  all  coal-fields,  stratified  on  or 
in  the  gneiss,  or  in  proximity  to  it,  we  may  account  not  only  for  the  sul- 
phur, but  the  sulphate  of  lime,  or  gypsum,  which  exists  so  plentifully  in  the 
Aioadian  coal-measures,  on  the  same  principle,  firom  the  absence  of  the 
iBfeervening  masses  of  sedimentary  sandstones  whidi  accompany  all  our 
great  coal  formations,  except  the  Western.  Most  of  the  coals  of  Aroadia 
of  the  fitt  or  highly  bituminous  order,  and  plainly  indicia  their  remete- 
firom  the  regions  of  the  great  heat  whidi  operated  on  the  Pennsyl- 
muiia  anthracites. 

The  asphaltum  and  ''  oil  coals^'  of  New  Brunswick  and  Nova  Scotia 
contain  as  much  bitumen  as  the  best  cannel  coals  of  our  Western  fields. 
Some  of  the  lower  coals  in  the  Pictou  district  stand  thus : — 


No.1. 

Oarbon 66.70 

Tolstife  matter 22.50 

Ash 11.80 

100.00 


No.2. 

Carbon 26.23 

Yolatile  matter 86.66 

Aflh.... 8.21 

100.00 


Nt>.  1  is  known  as  a  steam  ooal;  No.  2,  as  the  Stellar  or  ''oil  coal.'' 
From  the  latter,  oil  can  be  made  with  profit, — ^perhaps  on  an  equality  with 
the  cannel  coals  of  the  Qreat  Kanawha,  as  fiur  as  the  jrield  of  oil  per  ton 
18  concerned ;  but  the  relative  cost  of  mining  is  much  greater. 

The  Kanawha  cannel-seams  are  fix>m  4  to  6  feet  in  thickness  above 
water-level,  and  can  be  mined  with  the  greatest  economy ;  while  the  ''oil 
ooal''  of  Nova  Scotia  lies  deep  below  water-level,  is  comparatively  thini 
and  divided  thus : — 

Common  bitnminous 16  inches. 

OUcoal,  "Stellar" 13      " 

Bituminous  slate,  or  shale 19      " 

The  seam  is  therefore  only  29  inches  in  thickness,  and  the  oil-producing 
stratum  or  bench  only  13  inches:  it  will  thus  appear  that  the  comparison 
18  nnfitvorable  to  the  Nova  Scotia  oil  coal. 

The  common  bituminous  coals,  however,  of  Nova  Scotia  are  rich  in 
bitumen,  will  produce  certain  amounts  of  oil,  and  may  be  considered  good 
gas  coal ;  though  much  of  the  Arcadian  coals  crumbles  on  exposure  to  the 
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atmosphere,  and  are  subject  to  spontaDeoos  combustion  in  oonaeqBeiiee,a8 
some  of  our  Brooklyn  friends  may  know  to  their  cost 

A  specimen  of  the  best  gas  coal  produced  the  following  analysis: — 

Volatile  matter 32.0 

Fixed  carboD 59^ 

Ashes M 

100.0 

Thi?:  rci^ult  is  nearly  the  same  as  may  be  obtained  from  the  Bichmond 
(Virginia)  coals,  which  are  as  &vorably  located  to  the  shipping  at  tide-water 
as  the  coals  of  Pictou,  and  which,  perhaps,  can  be  mined  with  equal 
economy. 

A  mean  of  several  specimens  of  Virginian  gas-coal  gave — 

Carbon 68.50 

A'olatile  matter 37.50 

Ash 5.00 

100.00 

An  average  specimen  of  the  Westmoreland  (Pennsylvania)  gas  coal,  on 
the  line  of  the  Pennsylvania  Central  Railroad,  which  is  used  extensiveljr 
for  gas-making  purposes  in  Pennsylvaniai  made  the  following  uialya8>-« 

Carbon 69.50 

Volatile  matter 36.00 

Ash 4.50 

100.09 

The  cost  of  putting  either  of  those  two  coals  in  New  York  cannot  viij 
much  from  the  cost  of  the  Nova  Scotia  coal ;  and  as  they  are  equally  aa 
good,  if  not  better,  there  can  be  no  good  reason  why  we  should  import  gv 
coal  to  this  country  when  we  have  more  of  the  article  than  all  the  rest  of 
the  world  combined.  All  such  importations  are  simply  wasteful  leaks  in 
our  economy,  which  need  stopping. 

We  shall  not  attempt  to  identify  the  Arcadian  coals. 
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CHAPTEB   XXL 


VIBOINIA  AND  NOBTH  OABOUHA  OOAL-FDSLDB. 

Ckarseier  uid  Location  of  the  Southern  Coal-Fielda — Gomparisoiis  of  the  Eastern  and 
Weatcni  Fields — The  Formation  of  Coal — The  Richn^ond  Coal-Reld — Granite  Formatione 

•  — fixtinoi  Yoleanoee — Tranereree  Section — ^Vertioal  Seotions — Irregnlarities-^Difficulties 
of  Mining— South  Side— North  Side-~Goal-Bed»— Iron  (W— Natoral  Coke^Whin  Roek 

.  —Cinder— Mines  and  Production— The  Piedmont  Coa^Field—Qntoissio' Floor— Trap 
Bikes — Coal-Beds — Dan  Rirer  Coal-Field — Location  and  Characteri^-Deep  KiTer  Coal- 
Keld — Great  Depth  of  the  Measures — Coal-Beds — ^New  Biyer  Coal-Field-r-Proto-Osr- 
boniftrons — ^Extent  and  Character — Ores— Outlet  to  the  West. 

FoUiOWiNO  the  deacription  of  the  Western  and  Eastern  cdal-fieldB|  we 
IROpose  now  to  notioe  briefly  the 'Southern  independent  ooal-fidds,  which 
flEist  in  the  primitive  rocks,  or  cm  the  Atlantio  Bldpes,  and  loe  formations 
of  a  lator  date  than  the  Alleghany  or  Western  bitonUnoos  coals,  which 
bakmg  to  the  true  or  Carboniferous  era.  ^Thele  are  smaUi  impure,  ine<^ 
gnlar,  and  insignificant  deposits,  compared  with  the  great  fields  of  the 
Weit;  bat  being  located  in  populous  districts^  remote  Srmx  the  r^ons  of 
the  tnie  bituminous  coals,  they  become  of  great  local  value.  The  cqst  of 
Qimng  is  always  greater  in  such  irregular  formations,  as  we  shall  describe; 
but  the  coal  is  frequently  pure  enough  for  all  practical  purposes,  except  the 
9melf3ng  of  iron,  and  generally  of  a  character  suitable  for  steam  and  most 
domestic  purposes. 

There  are  five  distinct  coal-fennations  in  Virginia  and  the  Garolihas, 
Three  of  these  appear  to  be  creations  of  relatively  difierent  ages,  but  all  of 
later  pmods  than  those  of  the  true  formations. 

The  Richmond  coal-field,  near  Richmond,  in  Vii^nia,  lieis  within  the 
cnnite  basins  of  the  primitive  formations,  but  is  nevertheless  the  latest 
oreation.  The  Piedmont  coal-field  lies  &rther  inland,  in  the  counties  of 
Prince  Edward  and  Cumberland,  and  is  within  the  gneissic  basins,  or  the 
crystalline,  sedimentary  deposits  of  the  metamorphic  era;  but  the  coal  is  of 
an  earlier  period  than  that  of  Richmond.  This  field  is,  perhaps,  part  of 
or  a  parallel  formation  with  the  Dan  River  coal-field.  The  Deep  River 
coal-field,  in  North  Carolina,  is  undoubtedly  of  a  cotemporary  date  with 
the  Piedmont  and  Dan  River  coal-fields;  but  the  composition  of  its  litho- 
Icgical  structure  is  materially  different,  owing  to  the  character  of  the 
wnrces  from  which  it  was  derived.  The  New  River  coal-field,  in  Mont- 
gomery county,  Virginia,  essentially  differs  from  all  other  coal  formations 
in  this  country,  and  is  perhaps  the  oldest  coal  in  existence,  or  the  creation 
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of  the  proto-Carboniferons  ages.  The  character  of  the  strata  in  whidi  it 
exists  belongs  to  the  Vespertine  period  of  the  Pakeozoic  formationSy  and  the 
fossils  found  therein  apparently  belong  to  the  earliest  dates  ^  the  Gubo- 
niferous  era.  Therefore,  we  place  the  New  River  coal-field  in  an  older 
position  than  the  great  coal-fields  we  have  been  describing;  while  the  ooal- 
fields  of  the  East,  though  occupying  positions  on  rocks  of  the  older  fbrm- 
ations,  are  still  more  recent  in  their  respective  creations. 

The  great  coal-fields  of  the  West,  or,  more  properly  speakings  of  die 
interior  portions  of  our  continent,  are  among  the  oldest  creations  of  ooal, 
and  the  productions  of  the  Carboniferous,  or  Gbeat  Coal  £ra,  when 
nine-tenths  of  the  coal-deposits  of  the  world  were  formed.  Yet  tboM 
immense  deposits  of  coal  are  stratified  in  a  comparatively  late  geological 
age,  since  which  no  great  lithological  structure  has  been  created  <m 
this  continent  The  Permian,  overlying  the  coal,  caps  the  Palcoioie 
column  but  rarely  in  this  country,  and  to  a  very  limited  extent.  Then* 
fore  the  coal  measures  proper  may  be  considered  the  last  great  creation  of 
this  continent,  since  we  consider  the  Lignites  and  Tertiary  ooak  of  tin 
western  margin  of  the  Appalachian  or  ancient  sea  the  cotemporaiy  fbrank' 
tions  of  those  great  Eastern  beds  of  tme  coal.  But  those  imperfedt  doek 
were  created  under  less  &vorable  conditions  than  the  tme  ooak  of  tin 
East.  The  sea  was  shallow  on  its  western  margins,  as  all  the  cimmi- 
stances — and  they  are  numerous — ^prove.  The  v^etation  may  have  beei 
profuse  in  those  shallow  waters;  but  v^etation  alone  was  not  snffioisBt  to 
form  the  vast  coal-beds  in  the  East,  and  did  not  form  them  in  the  WeiL 
The  hydro-carbon  oils,  which  were  the  productions  of  heat  and  the 
chemical  combinations  of  certain  minerals,  as  described  in  duster  lYi 
were  deficient  in  the  western  margins  of  the  great  basin,  or  ancient  ses; 
and,  consequently,  the  coal  is  also  deficient  and  imperfect. 

It  may  seem  strange  to  those  not  familiar  with  geology  and  the  drooia* 
stances  attending  the  creation  of  coal,  that  the  coal-fields  of  Virginia  and 
North  Carolina,  which  exist  in  the  oldest  rocks,  should  be  of  stiU  hta 
date  tlian  the  fields  reposing  on  our  latest  creations;  but  this  appaivt 
irregularity  can  be  clearly  explained,  we  think,  on  the  principles  advanood 
in  Chapter  III. 

When  the  coal-fields  of  the  interior — ^which  we  often  speak  of  as  tlie 
West,  more  from  habit  than  from  propriety — ^were  in  course  of  formatiMy 
the  rocks  in  which  the  Southern  coal-fields  exist  occupied  an  elevated  posi- 
tion as  a  great  coast-range  of  granite  mountains,  washed  on  the  west  hf 
the  waves  of  the  ancient  Appalachian  Sea,  and  on  the  east,  p^haps,  by  die 
Atlantic.  But  the  position  of  those  Eastern  coal-beds  was  then  kigk 
above  wateivlevel  and  destitute  of  all  the  conditions  neoessaiy  to  creiito 
coal.  Since  the  formation  of  the  Palaeozoic  strata  and  the  coal  messorei 
they  sustain  in  the  ancient  sea,  the  great  coast-range  subsided.    Perhql 
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CHAPTER   XXL 

VIBGINIA  AND  NOBTH  CABOLINA  OOAL-FIELDB. 

Chftracter  and  Location  of  the  Southern  Coal-Fielda — Comparisons  of  the  Eastern  and 
Western  Fields — The  Formation  of  Coal — The  Richmond  Coal-Field— Oranite  Formations 
— ^Extinct  Volcanoes — Transverse  Section — Vertical  Sections — Irregularities — Difficulties 
of  Mining— South  Side— North  Side— Coal-Beds— Iron  Ore— Natural  Coke— Whin  Bock 
— Cinder — Mines  and  Production — The  Piedmont  Coal-Field — Qneissio  Floor — Trap 
Dikes — Coal-Beds — Dan  Riyer  Coal-Field — Location  and  Character*— Deep  Biyer  Coal- 
Field — Great  Depth  of  the  Measures — Coal-Bcds — New  Riyer  Coal-Field-:-Proto-Car- 
boniferous — Extent  and  Character — Ores — Outlet  to  the  West. 

Following  the  description  of  the  Western  and  Eastern  coal-fields^  we 
propose  now  to  notice  briefly  the  Southern  independent  coal-fields^  which 
exist  in  the  primitive  rocks,  or  on  the  Atlantic  slopes,  and  are  formations 
of  a  later  date  than  the  Alleghany  or  Western  bituminous  coals,  which 
belong  to  the  true  or  Carboniferous  era.  ^Theise  are  small,  impure,  irre- 
gular, and  insignificant  deposits,  compared  with  the  great  fields  of  the 
West;  but  being  located  in  populous  districts,  remote  fiH)m  the  regions  of 
the  tme  bituminous  coals,  they  become  of  great  local  value.  The  cqst  of 
mining  is  always  greater  in  such  irregular  formations,  as  we  shall  describe; 
but  the  coal  is  frequently  pure  enough  for  all  practical  purposes,  except  the 
smelting  of  iron,  and  generally  of  a  character  suitable  for  steam  and  most 
domestic  purposes. 

There  are  five  distinct  coal-formations  in  Virginia  and  the  Carolinas. 
Three  of  these  appear  to  be  creations  of  relatively  diiferent  ages,  but  all  of 
later  periods  than  those  of  the  true  formations. 

The  Richmond  coal-field,  near  Richmond,  in  Virginia,  lies  within  the 
eranite  basins  of  the  primitive  formations,  but  is  nevertheless  the  latest 
creation.  The  Piedmont  coal-field  lies  &rther  inland,  in  the  counties  of 
Prince  Edward  and  Cumberland,  and  is  within  the  gneissic  basins,  or  the 
crystalline,  sedimentary  deposits  of  the  metamorphic  era;  but  the  coal  is  of 
an  earlier  period  than  that  of  Richmond.  Tliis  field  is,  perhaps,  part  of 
or  a  parallel  formation  with  the  Dan  River  coal-field.  The  Deep  River 
coal-field,  in  North  Carolina,  is  undoubtedly  of  a  cotemporary  date  with 
the  Piedmont  and  Dan  River  coal-fields;  but  the  composition  of  its  litho- 
logical  structure  is  materially  different,  owing  to  the  character  of  the 
sources  from  which  it  was  derived.  The  New  River  coal-field,  in  Mont- 
gomery county,  Virginia,  essentially  differs  from  all  other  coal  formations 
in  this  country,  and  is  perhaps  the  oldest  coal  in  existence,  or  the  creation 
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than  half  of  this  area  contains  available  coal,  owing  to  the  nnduladons  of 
the  granite^  which  rises  to  the  surface  repeatedly  in  many  sharp  and  abrupt 
peaks. 

The  basin  is  irregular,  and  is  surrounded  by  a  fine-grained  gnmite, 
resembling  sienite,  which  produces  an  excellent  building-material,  alxnort 
equal  to  marble  in  appearance.  The  interior  of  the  basin  presents  pob 
of  granite  of  various  textures,  with  occasional  dikes  of  trap  and  porphy- 
ries. The  field  consists  of  a  series  of  deep  basins,  the  whole  reBembling 
the  vast  crater  of  some  expired  volcano,  studded  with  sharp  peaks  and 
surrounded  by  nigged  and  irregular  sides.  The  inequalities  of  the  basin 
arc  in  a  measure  mollified  by  the  sedimentary  deposits  which  preceded  the 
coal.  But  these  doi>osits  only  filled  the  deeper  hollows,  leaving  the  coal 
in  many  cases  to  be  stratified  on  a  granite  base.  It  seems  evident  that  no 
8ul>sequcnt  crust-movements  of  importance  have  taken  place  in  tlioee 
Eastern  and  late  formations.  The  deposits  are  thickest  in  the  dccpx 
basins  or  synclinals,  limited  on  the  inclining  sides,  and  very  thin  on  il» 
anticlinals,  thus  proving  j)ositive]y  tliat  the  basins  existed  much  in  their 
present  condition  when  these  deposits  took  place. 

In  the  deep  and  inverted  basins  of  the  anthracite  regions  of  Pennsjrl- 
vania  this  is  not  the  case;  for  the  strata  are  frequently  thicks  on  the 
inverted  side  than  in  the  bottom  of  the  deep  basins  or  the  more  uniform 
di{)s,  as  may  be  observed  at  Pottsville,  where  the  conglomerate  is  thicker— 
though  leaning  in  an  inverted  manner  from  the  perpendicular — ^than  it  is 
in  the  bottom  of  the  basins. 

We  find  some  comparatively  steep  dips  in  the  Richmond  coal-field,  con- 
sidering them  as  original  formations;  bnt  it  is  rare  to  find  any  availabk 
coal  on  these  abrupt  dips.  The  coal,  as  well  as  the  sedimentary  strata,  is 
always  thickest  in  the  depressions,  or  synclinals,  and  thinnest  on  the  saddles^ 
or  anticlinals.  There  are  no  slips  and  ^'heaves,''  as  represented  in  Taylori 
Statistics.  All  the  irregularities  are  caused,  with  one  or  two  rare  excep- 
tions,— ^to  be  subsequently  described, — by  the  original  inequalities  of  the 
granite  floor,  as  approximately  illustrated  in  figure  133. 


Fig.  188. 


TRANSVCRM  SECTION,  mCNMOND  COAL- FIELD. 


The  inequalities  are  much  greater  locally  than  the  genenduEed  section 
portrays,  and  more  distinctly  represented  by  figure  107,  under  the  chap 
ter  on  Faults,  <tc.  Those  "troubles,"  as  the  cone-like  synclinals  are  locallT 
name<1,  arc  numerous  and  really  trouhlesome.  The  basins  vary  in  depth; 
but  tlie  princijxil  ones  are  about  one  thousand  feet  deep.     The  dips  of  d* 
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Western  Fields — The  Formation  of  Coal — The  Richmond  Coal-Field — Oranite  Formations 
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Dikes — Coal-Beds — Dan  Riyer  Coal-Field — Location  and  Character*— Deep  Riyer  Coal- 
Field — Great  Depth  of  the  Measures — Coal-Beds — New  Riyer  Coal-Field-r-Proto-Car- 
bonifisrous — Extent  and  Character — Ores— Outlet  to  the  West. 

Following  the  description  of  the  Western  and  Eastern  coal-fields^  we 
propose  now  to  notice  briefly  the  Southern  independent  coal-fields^  which 
exist  in  the  primitive  rocks,  or  on  the  Atlantic  slopes,  and  are  formations 
of  a  later  date  than  the  Alleghany  or  Western  bituminous  coals,  which 
bdoDg  to  the  true  or  Carboniferous  era.  ^Theise  are  small,  impure,  irre- 
gular, and  insignificant  deposits,  compared  with  the  great  fields  of  the 
West;  but  being  located  in  populous  districts,  remote  fix>m  the  regions  of 
the  tme  bituminous  coals,  they  become  of  great  local  value.  The  cQSt  of 
mining  is  always  greater  in  such  irregular  formations,  as  we  shall  describe; 
but  the  coal  is  frequently  pure  enough  for  all  practical  purposes,  except  the 
smelting  of  iron,  and  generally  of  a  character  suitable  for  steam  and  most 
domestic  purposes. 

There  are  five  distinct  coal-formations  in  Virginia  and  the  Carolinas. 
Three  of  these  appear  to  be  creations  of  relatively  different  ages,  but  all  of 
later  periods  than  those  of  the  true  formations. 

The  Richmond  coal-field,  near  Richmond,  in  Virginia,  lies  within  the 
granite  basins  of  the  primitive  formations,  but  is  nevertheless  the  latest 
creation.  The  Piedmont  coal-field  lies  &rther  inland,  in  the  counties  of 
Prince  Edward  and  Cumberland,  and  is  within  the  gneissic  basins,  or  the 
crystalline,  sedimentary  deposits  of  the  metamorphic  era;  but  the  coal  is  of 
an  earlier  period  than  that  of  Richmond.  Tliis  field  is,  perhaps,  part  of 
or  a  parallel  formation  with  the  Dan  River  coal-field.  The  Deep  River 
coal-field,  in  North  Carolina,  is  undoubtedly  of  a  cotemporary  date  with 
the  Piedmont  and  Dan  River  coal-fields;  but  the  composition  of  its  litho- 
logical  structure  is  materially  different,  owing  to  the  character  of  the 
CDoroes  from  which  it  was  derived.  The  New  River  coal-field,  in  Mont- 
gomery county,  Virginia,  essentially  differs  from  all  other  coal  formations 
in  this  country,  and  is  perhaps  the  oldest  coal  in  existence,  or  the  creatioiL 
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practical^  can  be  depended  on  without  actual  testing  by  proof-«liafla.    If  a 
deep  slmfl  is  sunk  on  an  anticlinal  crest|  where  the  measurea  are  nesrlj 
flat,  as  is  frequently  the  case,  the  work  is  useless;  and  it  is  not  always 
possible,  even  with  the  aid  of  exploring  pits,  to  be  certain  of  starting  in 
the  right  locality,  since  those  '^  troubles"  do  not  always  betraj  their  exig- 
ence in  the  upper  strata.     As  we  before  stated,  the  sedimeDtary  depositi 
are  always  thii^kes^t  in  the  depressions,  and  the  oonsequenoe  is,  that  anti- 
clinal CODC8  of  small  elevation  are  soon  covered,  and  the  upper  stnla  are 
not  afTecitcd  or  folded  by  them.     We  do  not  write  this  to  diaoourage  tbe 
devclo])mcnt  of  the  Richmond  coal-field,  but  to  put  capitalists  on  tlieir 
guard.     We  think  there  are  few  coal-fields  more  inviting  to  the  miner 
than  the  Richmond  basins;  but  there  are  none  where  skill  and  engineering 
talents  arc  more  neede<l  to  insure  success.     Sucxx^ss,  however,  is  certain  to 
those  who  go  prudently  to   work   and  develop  with   Boand  judgment 
Our  sections  will  convey  a  good  general  idea  of  the  formations ;  but  we  do 
not  pretend  to  show  the  numerous  undulations  or  '^  troubles"  which  esA 
within  the  principal  basins. 

The  Midlothian  and  Clover  Hill  mines  are  the  prinoipal  works  cm  die 
South  Side  at  present,  or  wliieh  were  in  operation  on  that  side  of  the  JaoNi 
River  at  the  commencement  of  the  war.  The  celebrated  Black  Heath  bad 
been  worked  out  and  abandoned  some  years  previous.  The  area  betwcei 
these  points  has  not  been  proved;  though  coal  is  supposed  to  exist  in  im- 
gttlar  basins  almost  the  entire  distance. 

Though  these  mines  have  been  worked  more  or  less  for  a  pmod  of  fiftf 
yeare,  but  a  small  portion  of  the  coal-field  has  been  exhausted.  Betwcci 
the  Midlothian  mines  and  the  James  River  the  measures  are  much  distaiW 
by  the  dividing  anticlinal,  and  the  change  in  the  nature  of  the  coal  ui  ' 
the  order  of  its  stratification.  The  main  bed  of  the  south  basin  eitkr 
splits  into  several  smaller  seams,  or  a  new  order  of  stratification  takes  plux^ 
as  represented  in  figure  135,  which  is  a  vertical  section  of  the  measures  ii 
the  basins  of  the  north  side.  But  the  change,  as  before  ohBerved|  tiiuB 
place  some  two  miles  or  more  south  of  the  river. 

Through  the  omission  of  some  of  the  figures  in  this  section  (figure  13S\, 
the  thickness  of  the  measures  is  not  generally  given.  The  general  dcfiA 
of  the  north-side  basins  is  less  than  those  of  the  south  side,  and  msj  b> 
estimated  from  500  to  800  feet.  But  there  are  exceptions ;  and  we  hivo 
no  doubt  the  depth  of  the  basin  at  Dover,  on  the  west,  is  fully  1000  feet 

It  will  be  observed  that  the  order  of  stratification  in  figure  135  ii 
quite  different  from  that  of  figure  134,  representing  tbe  south  sid^ai'' 
not  only  the  order  of  deposit  is  different^  but  the  whole  character  cxf  At 
formation  diiFers.  There  nothing  but  a  coarse  quartsoae  sandstone,  inltf* 
calated  with  slates,  overlies  the  coal;  but  here  we  find  iron  oresy  tn^ 
ooke,  &c. 
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lower  bed  ia  figure  136  is  iron  ore,  and  lies  lotne  60  ^t  above  the 
t,  the  obantoter  of  the  interveniag  apace  not  bemg  developed,  but 
d  to  contain  only  gmoll  scams  of  coal  intermixed 
late«  and  coarse  sandstones.     This  bed  of  ore  ranges  ^°'   _ ' 

to  8  feet  in  thickneee,  but  is  very  lean,  and  ccmtaioa 
m^l  poroentage  of  metal, — not  over  16  or  20  per  cent. 

second  seam  in  ascending  order  is  a  r^;ular  seam  of 
nous  coal,  ranging  from  6  to  10  feet  in  thickness,  bat 

much  injured  by  the  numerous  email  bands  of  bone 
Lte  which  are  mixed  througli  the  coal,  and  which  it  is 

impossible  to  separate  by  the  means  ordinarily  in 
those  mines.  The  coal,  however,  ia  good,  and  might 
Lrated  from  impurities  by  proper  care  and  mechanical 
nnent. 

third  seam  is  much  better  in  character  than  the 

,  and  oontaina  much  less  impurity.     Its  usual  size  is 

The  fourth   seam  is  al^o  a  good  workable  coal, 

g  Snaa  6  to  7  feet  thick,  and  produces  an  excellent 

of  fheL  It  is,  however,  streaked  with  bone  and 
rat  not  to  the  same  extent  as  the  lower  seam,  and 
•  not  to  a  greater  extent  than  many  of  our  vork- 
jds  in  the  older  and  more  r^;ular  coal-fields. 

fifth  seam  is  a  bed  of  naiurai  ooke,  ranging  ham. 

feet  in  thickness.  The  seam  originally  appears  to 
been  lees  mixed  with  impurities  than  any  of  the 
^ng  beds,  since  the  coke  is  singularly  pure  and  ex- 
In  appearance  it  ia  veiy  mucli  like  the  artificial 
>nued  from  a  rich  caking  bituminous  coal ;  and  in 
er  it  is  a  true  carbon,  containing  the  same  constita- 
as  an  artificial  coke  after  being  exposed  some  time 

veather,  or  common  red-ash  coal  of  the  anthra- 
nes.  It  has  less  lustre  than  newly-broken  artificial 
nd  its  fracture  is  more  like  that  of  bituminous  coal,— 

it  sometimes  tends  to  the  coocboidal  or  irregular,  hohd  cokl-fielh. 
are  two  or  three  varieties  or  grades  of  this  natural 
I  the  same  seam,  and  often  within  short  distances.  The  most  valuable 
ted  as  "  soft  or  free-burning  coke,"  and  the  less  valuable  as  "  hard  or 
g  coke,"  from  its  tendency  to  Qy  and  "  spit,"  like  hemlock  or  spruce 
)D  a  fire.  The  soft  coke  bums  beautifully,  and  much  like  good  red- 
thracito ;  but  the  "  hard  coke"  ignites  with  difficulty,  and  bums 
onless  under  a  strong  draft.  The  gas  or  moisture  which  it  oontaios 
Dt  readily  escape  on  lieat  being  applied,  owing  to  its  hardness  and 
',  but,  on  expanding  under  the  heat,  bursts  its  cells  and  scatters 
of  the  coal  around,  often  with  great  violence. 


■St 


400  THE  SOUTHERN  OOAL-FIELD8. 

About  60  feet  over  this  bed  of  natural  ooke  lies  a  ''whin  rock,"  having 
all  the  appcamnoe  of  trap,  or  basalt,  and  is  of  excessive  hardness.  The 
strata  in  it.s  vicinity  have  a  reddLiih  appearance,  as  if  altered  by  heat;  whik 
the  next  .<oam  above  it,  and  only  divided  by  a  few  feet  of  fire-clay,  is  a 
perfect  cindery  and  entirely  valuclciid.  The  seam  containing  the  cinder 
appears  to  have  been  about  four  feet  in  thickness,  but  is  now  much  mixed 
with  fire-clay  and  iron  and  sulphur  balls.  The  whole  appeara  to  have  bcai 
changed  by  intense  heat,  and  the  carbon  of  the  coal  entirely  ex])elled, 
leaving  the  cinder  in  irregular  masses,  mixed  with  the  clay,  sulphur,  and 
iron  balls. 

There  is  no  evidence  externally  of  volcanic  eruption ;  but  there  can  be 
no  doubt  of  the  fact  tliat  this  '^  whin  rock**  is  a  formation  of  £ubseqaeDt 
era,  and,  instead  of  being  ejected  at  riglit  angles  tlirough  the  measures,  it 
found  a  more  easy  exit  between  them,  and  umler  the  bed  of  coal  which  it 
has  so  singularly  changed. 

We  arc  not  sure  that  this  bed  of  whin  rock  extends  unbroken  throogb 
the  east  basins  on  the  north  side,  but  it  is  found  on  the  south  side  of  the 
river,  north  of  the  anticlinal  before  mentioned.  It  has  onlv  been  found  ii 
the  basins  of  the  east  side,  in  the  north  end  of  the  field,  and  is  not  foond 
at  Dover,  on  the  west  side.* 

It  is  developed  extensively  at  the  Carbon  Hill  mines,  on  the  east  side  of 
the  basin,  but  has  not  been  found  on  the  west  side.  In  the  deeper  portioni 
of  the  basins  tlie  coke  depreciates  in  thickness,  and  the  lower  part  of  the 
seam  is  a  semi-anthracite,  while  the  coke  is  ''soft,''  but  excellent  Thoe 
are  two  beds  of  thin  iron-stone  over  the  "cinder"  bed ;  but  they  are  pocr  j 
and  unreliable,  and  not  of  any  commercial  value. 

The  measures  of  the  north  end  of  the  field  are  made  up  chiefly  of  slattf 
and  shales;  but  several  massive  rocks  of  coarse  quartzose  sandstone  ut 
stratified  through  them.  The  material  filling  the  basins  of  this  coal-fieU 
evidently  came  from  the  surrounding  countr}*,— chiefly  from  the  highff 
grounds  up  the  rivers, — and  are  not  the  result  of  volcanic  eruptions,  ii 
are  the  measures  of  the  great  Appalachian  fields  generally. 

The  foe^ils  found  in  the  measures  incline  naturalists  and  geolo^sti  to 
place  tliis  formation  in  the  Jurassic  or  oolitic  {)eriods;  but  there  is  some 
doubt  as  to  its  exact  place  in  the  scale  of  creation.  We  tliink  there  can  be 
no  doubt  of  its  late  origin ;  but  throughout  our  labors  we  have  fi>und  boi 
little  aid  as  to  the  identity  of  coal-beds,  or  coal  measures,  firom  the  finsili 
they  present.  We  do  not  profess  to  know  enough  of  fossil  botany  to 
depend  on  our  own  judgment,  and  nothing  definite  enough  has  yet  bed 
developed  by  the  labor  of  others  to  be  of  any  certain  value  at  the  present 
time  of  writing.     We  hope,  however,  that  the  time  is  not  fiir  distant  whet 

*  By  the  South  Side  is  meant  that  dde  of  the  James  RiTer. 
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le  geologist  will  read  the  pages  of  natare^  as  written  on  the  rocks,  as  cor- 
ictlj  as  we  now  comprehend  the  wonderful  leaf-like  pages  those  rocks 
(present  in  the  lithological  foldings  of  the  earth's  crust. 

The  only  operations  of  note  conducted  in  the  Richmond  coal-field  before 
le  war  were  the  Midlothian  and  Clover  Hill  mines  on  the  South  Side,  as 
sfore  mentioned,  and  the  Carbon  Hill  and  Dover  mines  on  the  north  side. 
he  Dover  mines  were  worked  on  an  exceedingly  limited  scale,  by  two 
p  three  parties.  There  were  also  several  very  small  operations  con- 
acted  in  several  other  localities,— on  the  south  bank  of  the  James  River, 
sar  the  Danville  Railroad,  in  the  vicinity  of  Black  Heath;  but  the 
nount  of  coal  produced  was  very  limited,  and  the  total  amount  mined  in 
le  Richmond  coal-field  did  not  exceed  100,000  tons  per  annum  at  the 
immencement  of  the  war. 

We  think  this  amount  per  annum  will  cover  the  entire  production  of  the 
lichmond  mines  for  the  last  50  years,  as  an  average,  though  we  believe 
50,000  tons  have  been  mined  per  annum  during  a  few  years.  No  r^ular 
joord  has  been  preserved ;  but  the  amount  raised  between  the  years  1822 
id  1841  amounted  to  1,750,000  tons,  or  87,600  tons  per  annum;  and  we 
I  not  think  the  entire  amount  raised  to  be  over  5,000,000  tons  in  the 

Sgregate. 

The  cost  of  raising  this  coal,  exclusive  of  mining  improvements,  has  not 
Ben  less  than  $2.50  per  ton,  and,  including  its  delivery  in  Richmond,  about 
5.50  per  ton.  The  priced  there,  from  1850  to  1860,  ranged,  for  "run  of 
le  pit,''  from  $4.50  to  $5.00  per  ton,  and  for  best  household  coal,  from 
S  to$7. 

There  is  only  one  mine  operated  by  improved  machinery,  including 
amps,  but  not  including  the  ordinary  fixtures  for  delivering  the  coal  from 
le  mines  to  the  surface.  This  is  the  Midlothian  mine,  where,  at  a  late 
ly,  when  nearly  all  the  coal  accessible  to  the  pit  had  been  extracted,  an  im- 
lense  and  complicated  Cornish  engine  was  erected  at  a  great  expense, — we 
link  $70,000, — when  one  of  the  common  "Bull  engines,"  or  a  good  high- 
ressure,  costing  less  than  one-third  of  this  amount,  would  have  been  more 
railable.  We  merely  mention  this  to  show  the  want  of  practical  know- 
dge  in  mining  matters  displayed  by  the  miners  of  that  district.  All  the 
her  mines  are  drained  by  the  old-&shioned  bucket,  and  the  coal  raised  in 
nail  "bogies,"  or  "coaves."  The  pits  are  of  small  diameter,  and  will  not 
Imit  of  double  hoisting-ways  with  ordinary  cars.  The  Midlothian  pit  is 
rer  750  feet  deep  to  the  sump,  or  722  to  the  coal,  which  was  36  feet  thick 
hen  struck. 

This  is  the  deepest  pit  in  the  coal-field;  and  including  the  dip-workings 
the  basin,  150  feet,  by  slope,  the  total  depth  from  the  sur&ce  is  900  feet. 
The  Black  Heath  and  Clover  Hill  pits  are  from  500  to  700  feet  deep, 
e  Carbon  Hill  from  150  to  450,  and  the  Dover  fix)m  100  to  400. 

26 
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There  is  one  slope  at  Trent's  mines,  near  Carbon  Hill|  which  is  about 
1800  feet  in  length,  and  700  feet  perpendicular,  but  which  has  been 
abandoned  for  some  time,  on  account  of  the  difficulties  with  the  air  and 
water. 

The  mining  operations  in  the  Richmond  coal-field  have  been  generally 
of  the  most  primitive  cliaracter,  and  may  be  referred  to  the  early  days  of 
the  elder  Stephenson  in  England.  Instead  of  improving  and  progressing, 
they  have  gone  backwards  for  the  last  ten  years,  and  are  now  less  able  to 
mine  coal  with  economy  than  they  were  20  years  ago.  Most  of  the  pro- 
prietors insist  on  the  bucket  being  the  best  and  cheapest  mode  of  drainage, 
and  keep  on  raising  water  instead  of  coal.     Qui  bonot 

Great  and  permanent  injury  has  been  done  to  a  large  portion  of  this 
coal-field  by  the  numerous  small  pits  sunk  along  the  outcrops  of  the  coal 
to  the  depth  of  fit>m  100  to  200  feet.  From  these  most  of  the  available 
upper  coal  has  been  excavated  to  an  im^ular  and  uncertain  extent,  and 
frequently  by  dipnslopes  from  the  bott>om  of  these  pits  to  indefinite  depths. 
Thoise  mines  have  been  long  abandoned  and  the  excavations  filled  with 
water;  and,  as  no  records  are  kept  of  the  direction  and  extent  of  those  old 
workings,  it  becomes  dangerous  now  to  approach  them  horn  the  deeper 
pitB,  which,  of  oourse,  now  yield  all  the  available  coal. 

THE  PIEDMONT  COAL-FIELD. 

This  small  deposit  of  coal  lies  west  of  the  Richmond  coal-field,  as 
located  on  the  map  representing  it  in  connection  with  the  Richmond 
coal-field.  It  exists  in  the  counties  of  Prince  Edward  and  Cumberland. 
The  formation  extends  from  a  point  near  the  James  River  across  the 
Apj>omattox  at  Farmville,  and  in  all  probability  extends  in  connection 
with  the  Dan  River  coal-field.  But  the  coal  has  only  been  developed  in 
workable  seams  near  Farmville,  or  in  the  vicinity  of  the  Piedmont  mines, 
as  located  on  the  map.  The  area  of  coal  is  small,  and  probably  does  not 
extend  over  20  square  miles  in  the  vicinity  of  Farmville.  The  formations 
undulate  excessively;  the  basins  are  irr^ular,  and  the  dips  to  all  points  of 
tiie  compass.  The  bottom  rock,  resting  on  gneiss,  is  a  coarse  quartzose 
sandstone,  of  considerable  thickness  in  the  centre  of  the  basins,  but  quite 
thin  on  its  edges,  where  it  crops  out  between  the  coal  and  the  gneiss.  We 
think  this  field  the  creation  of  a  period  following  the  Carboniferous,  and 
earlier  than  the  Richmond  period,  but  formed  in  much  tlie  same  manner 
and  from  the  same  materials.  The  field,  however,  has  been  much  more 
disturbed  by  the  subsequent  action  of  the  volcanic  foroes  than  the  Rich- 
mond. Numerous  dikes  and  outbursts  of  trap  rend  the  measures  and 
divide  the  basins ;  and  only  a  small  portion  of  the  coal  is  workable,  in 
consequence. 
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The  seams  in  this  field  are  very  thin^  and  would  not  be  oonsidered 

workable  in  the  anthracite  r^ions  of  Pennsylvania.    They  range  from  6 

incheB  to  30  inches.    Of  those  above  12  inches  there  are  7  which  have 

been  proved,  in  about  300  feet  of  measures,  and  lying,  perhaps,  300  to  500 

fast  above  the  gneiss.    The  seams  which  have  been  proved  in  the  vicinity 

of  the  gneiss,  at  the  eastern  edge  of  the  coal-field,  are  very  irregular  and 

,  japan,  frequently  changing  to  impure  anthracite  in  localities;  while  the 

y."  €Qftl  generally  is  a  dry  bituminous,  containing  much  sulphur  aixd  impurity, 

■' .  5!»fc^"g  with  difficulty,  but  producing  a  hard  coke  under  a  strong  heat  in 

^ '  idie  ooking-ovens.     Nothing  but  white,  brittle  cast  iron  can  be  produced 

^^mUk  this  coke  in  the  cupola. 

:The  ooal  is  generally  hard  and  difficult  to  mine;  the  seams  not  only 
but  frequently  interrupted  by  "slip  dikes,'*  " uptlirows,*'  "down- 
!'  and  rock  fiiults,  as  detailed  in  Chapter  XIY. 
This  field  has  been  developed  within  the  last  ten  years,  and  only  one 
ion  or  mine  has  been  worked  for  local  consumption,  which,  though 
on  a  small  scale,  was  the  most  systematic  in  Virginia  or  the 
having  complete  arrangements  for  pumping  and  hoisting:   yet, 
to  the  smallness  of  the  seams,  the  cost  of  mining  was  not  less  than 
per  ton  delivered  at  the  top  of  the  mine. 
/ShiB  locality  of  this  small  coal-fiield,  in  the  midst  of  a  thicklynsettled 
district,  remote  from  other  available  coal,  will  make  it  valuable  f<fr 
purposes  only.    In  the  vicinity  of  the  Pennsylvania  anthracitea 
jBf^the  Alleghany  fields,  it  would  not  be  considered  at  present  workable. 


t  it'.^if^t 
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THE  DAN  RIVER  COAL-nELD. 

iTboB  is  a  small  and  unimportant  deposit  of  coal,  in  the  vicing  of  Dan- 
and  on  the  Dan  River,  crossing  the  line  between  Virginia  and  North 
ina.     It  is  in  all  probability  a  continuation  of  the  Piedmont  ooal- 
ainoe  the  size  of  the  seams,  the  character  of  the  coal, — sometimes 
to  anthracite, — and  the  similarity  of  the  measures  all  coincide  to 
this  identity;  while  the  lines  of  strike  are  in  the  same  direction. 
apaoe  between  these  coal-fields  has  not  been  explored ;  but  the  coca- 
appearance  of  the  coal  measures  leaves  little  room  for  doubt  as  to  the 
on.     But,  as  before  observed,  only  a  small  portion  of  the  coal 
Ion  contains  workable  seams,  and  this  applies  as  strictly  to  the  Dan 
to  the  Piedmont  deposit     No  developments  have  been  made  in 
district  of  a  practical  nature,  and  we  have  heard  of  no  mining  opera- 
being  conducted,  though  coal  is  much  needed  at  Danville  and  vicinity, 
k,  extent  of  the  Dan  River  field  is  limited,  and  not  much  greater,  in  all 
ility,  than  the  Piedmont,  or  from  20  to  30  square  miles,  though  the 
ion  covers  a  comparatively  large  extent  of  territory.    It  does  not 
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wem  to  be  BO  mucli  disturbed  by  tbe  infiuicm  of  tiap  u  tlie  Fumville 
extenaioo:  but  othemriite  there  is  but  little  dtfierenoe. 


THE  DEEP  EIVER  COAL-FIELD. 

The  Deep  Biver  coal-lield  lies  principally  in  Chatham  oonnty,  Noith 
Carolins,  sad  on  the  Deep  River,  which  a  tbe  south  branch  of  Cape  Fw 
River.  The  coal-Area,  as  &r  as  developed,  is  limited,.and  less  in  proportiui 
than  represented  in  our  map,— perhaps  not  over  60  square  miles;  bnttlie 
.  probability  is  that  the  coal  exists  in  a  great  portion  of  the  formation,  vliidi 
extends  from  Oxford,  in  North  Carolina,  to  a  point  near  Ch»«w,  in  Sootk 
Carolina,  a  distance  of  100  miles  or  more,  while  its  maximum  widtli  k 
about  10  miles;  but  tbe  floor  ou  which  the  co<d  meaturet  rest,  and  vbidi 
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is  80  distinct  firom  the  gneissic  rocks  in  which  the  coal-field  rests,  is  veiy 
thick.  Profiessor  Emmons  estimates  the  floor  at  3000  feet  in  thidmees. 
This  floor,  or  foundation  strata,  are  of  recent  formation,  compared  with 
the  gneiss  in  which  it  is  laid,  and  evidently  has  been  the  wash  of  higher 
grounds  deposited  bj  water  in  this  deep  basin, — ^too  deep,  in  fiict,  to  admit 
the  growth  or  formation  of  coal  until  this  deposition  had  been  made. 
Though  this  coal-field  maj  be  of  nearly  the  same  age  as  the  Richmond 
ooal-field,  or  of  cotemporary  existence,  and  may  have  been  formed  in 
pearly  the  same  manner,  the  difierence  in  depth  of  the  original  basins 
would  effisct  the  difierence  in  stratification  which  we  find  here.  In  the 
Richmond  coal-field  we  find  a  mediwm  dqpth,  or  that  depth  most  fiivorable 
to  the  production  of  coal,  as  stated  in  Chapter  XIII., — ^that  is,  about  1000 
feet,  or  firom  500  to  1000  feet  But  in  the  Deep  River  basin  the  original 
depth  must  have  been  5000  feet  or  more:  hence  we  find  that  no  coal  was 
produced  until  at  least  3000  feet  of  sand  and  slate  had  been  brought  down ' 
finom  the  mountains  by  the  numerous  streams  and  deposited  as  a  fioor  in 
this  deep  basin. 

Unlike  the  Richmond  field,  this  fioor  is  consequently  uniform  and  even, 
and  the  coal  is  stratified  in  thin  seams  uniformly  through  it,  instead  of 
existing  in  thick  masses  in  the  depressions  and  disappearing  on  the  eleva- 
tions; and,  though  the  coalnseams  of  Deep  River  are  comparatively  thin, 
that  field  contains  as  much  coal  to  the  acre,  in  the  aggr^ate,  as  the  Rich- 
mond field.  The  Deep  River  coal  measures  are  similar  to  the  Arcadian, 
except  in  the  absence  of  limestone.* 

This  great  floor  formation  of  the  Deep  River  field  is  made  up  of  con- 
glomerates and  sandstones  chiefly.  Some  of  these  sandstones  are  fine- 
grained, and  others  are  coarse,  depending  on  the  time  of  their  deposition 
during  periods  of  quiet  or  commotion.  They  are  occasionally  red,  having 
been  changed  by  heat,  apparently,  as  the  coal  in  the  formation  above  is 
frequently  changed  by  heat  from  a  bituminous  to  an  anthracite. 

On  this  fioor  the  coal  measures  proper  are  deposited.  They  consist  of 
alternating  strata  of  black,  carbonaceous  slate,  shales,  and  fossiliferons  sand- 
stones, about  1000  feet  in  thickness,  in  which  five  or  six  seams  of  coal  are 
stratified,  respectively  from  6  inches  to  6  feet  in  thickness.  Over  the  coal 
measures,  according  to  Emmons,  there  are  fix)m  2000  to  3000  feet  of  barren 
measures,  composed  of  red  conglomerates,  red  and  green  shales,  slates,  &c. 
We  think  there  must  be  some  mistake  in  estimating  this  enormous  thick- 
ness,— ^which,  in  the  aggr^ate,  mak'es  7000  fiset  of  sedimentary  strata  de- 
posited in  the  basins  of  Deep  River,  and  4000  feet  as  the  depth  of  the 
C^itral  coal-basin;  which  is  deeper,  in  all  probability,  than  the  existence 
of  any  coal.  Should  this  be  the  fact,  the  coalnseams  of  this  field  will  thin 
as  they  descend,  and  disappear  in  the  deeper  portions  of  the  field. 

At  Egypt,  on  the  Deep  River,  south  of  Haywood,  the  coal  has  been  cut- 
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by  fibaft  at  a  depth  of  360  feet.  The  largest  seam  appeals  to  be  in  the 
upper  portion  of  the  measurcsy  and  is  about  5  feet  thick,  genorally.  It  ib  a 
rich  bituminous,  cakes,  and  consequently  cokes  easily,  and  is  said  to  be  free 
from  sulphur,  but  produces  white  iron  in  the  blast-fumaoe.  The  lower 
seams  produce  a  semi-anthracite  occasionally;  but  whether  this  is  peculiar 
to  certain  portions  of  the  field,  is  not  yet  ascertained.  In  fect|  the  develop- 
mentn  :ire  meagre,  and  but  little,  practically,  is  known  oonoeniing  the 
resources  of  this  field. 

Iron-ores  of  several  varieties  are  found  in  the  coal-field  and  its  vicinity. 
Those  in  the  field  are  carbonaceous,  argillaceous,  and  sulphureta,  and  those 
in  the  vicinity  are  red  oxides  and  magnetic.  The  seams  of  ore  are  thin, 
but  frequently  rich,  and  might  be  put  to  great  advantage  in  the  mamifao 
ture  of  iron  if  the  coal  can  be  used  in  the  furnace.  This,  however,  has  not 
been  fidrly  tested ;  but  it  is  our  impression  that  none  of  the  Southern  coal 
will  make  good  iron  in  the  blast-furnace,  and  our  experience  in  this  matter 
entitles  the  opinion  to  some  weight.  The  ores  of  North  Carolina  and  Vir- 
ginia are  rich  and  plentiful,  and,  ^~ith  pure  fuel,  produce  the  veiy  best  of 
iron ;  but  the  coal  generally  is  impure,  and  cannot  be  used  suooesBfiilly  in 
the  blast-furnace.  But  the  Southern  coal  can  be  profitably  used  in  the 
production  of  iron  from  those  rich  ores  otherwise  than  in  the  blaat-fumaix^ 
since  wrought  iron  can  be  economically  made  by  several  methods  in  which 
the  coal  and  the  ore  do  not  come  in  contact,  as  described  under  the  con- 
sideration of  iron  in  another  portion  of  this  work.  No  coal  exists  suitubk 
for  use  in  the  blast-furnace  south  of  the  anthracite  fields  and  east  of 
the  Allcghanics, — including  the  Broad  Top  and  the  Cumberland  ooak 
Attempts  were  made  during  the  war  to  use  it,  but  in  all  cases,  as  fitf  as 
we  have  heard,  without  success.  All  the  iron  produced  in  the  South,  with 
the  exception  of  tliat  made  in  some  portions  of  Tennessee,  Kentucky,  and 
Missouri,  or  in  the  region  of  the  true  coal-fields  of  the  Appalachian  fimni- 
tions,  lias  been  made  with  charcoal.  A  large  iron-making  establishmoity 
including  furnaces  and  rolling-mill,  was  erected  in  Chatham  county.  North 
Carolina,  but  had  not  fairly  got  into  operation  when  the  war,  which  it  wtf 
built  to  support,  i)roved  its  destruction.  We  understand  it  was  destroyed 
by  Sherman's  boys,  as  not  required  by  the  United  States  Government! 

THE  NEW  RIVER  COAL-FIELDS. 

These  coal-fields  are  located  principally  in  Montgomery  and  Pulaski 
counties,  in  Southwestern  Virginia,  and  on  the  waters  of  the  New  Biveii 
which  is  a  continuation  of  the  Great  K!anawha.  The  formation  of  whidi 
these  fields  are  parts  is  very  extensive, — apparently  of  equal  extent  to  the 
vast  area  of  the  Appalachian  formations,  or  the  Vespertine  period  of  the 
Pals&ozoic  strata.     It  undoubtedly  belongs  to  the  proto-CarboniferouSy  or 
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lower  cool  meaanres,  and  is,  conseqnently,  older  tlun  the  tnie  Cuboni&roHS 
of  the  All^hanj  and  the  Western  coal-fields.  Its  plaoe  is  between  the 
ted  shales  chT  the  East  and  the  Old  Red  Sandstone,  or  in  the  Vespertine 
of  Bogen,  and  below  the  Moantain  or  Carboniferooa  limeBtone  of  the 
1  formations. 


The  oatcTOpa  of  this  strata,  and  frequently  its  accompanying  thin  seams 
vt  ooal  and  carbonaceous  shale,  can  be  traced  from  the  Sharp  Mountain, 
and  the  northern  limits  of  X,  or  the  Veepertine,  to  Tennessee,  south  of 
which  it  does  not  come  t^}  the  surface,  as  &r  as  our  experience  goes.  It 
his  been  picked  and  pried  into  at  many  localities,  and  occasionally  thin 
seams  of  crushed  and  impure  coal  are  found,  generally  antbradte  in  cha- 
racter, but  too  impure,  irregular,  and  thin  to  be  of  any  certain  commercial 
value,  except  in  tlie  single  instance  of  the  New  River  coal-field,  where  it 
has  been  developed  in  several  beds  of  workable  coal,  partially  anthracite. 
North  of  Harper's  Ferry,  on  the  Potomac,  this  formation  seems  to  lie  west 
of  the  Great  Valley ;  but  on  crossing  the  Potomac  it  enters  the  valley 
known  aa  The  Valley  in  Virginia,  and  is  found  along  its  western  border, 
at  the  foot  of  the  North  Mountains,  and  in  close  proximity  to  the  lime- 
stones, where  the  eastern  outcrops  of  the  overlying  strata  are  inverted. 
Various  attempts  have  been  made  to  mine  this  coal,  on  the  Juniata,  in 
Kdelong  Hill,  near  the  Potomac,  at  the  "Dora  Mines,"  on  the  north 
branch  of  the  Shenandoah  River,  in  Angnsta  county,  Virginia,  at  the 
"Catawba  mines,"  near  Fincastle  in  Botetourt  county,  at  the  Price 
Moantain  and  Brushy  Mountain  mines  in  Mont^m«ry  county,  and  many 
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points  fiuthcr  south ;  but  we  do  not  know  of  any  snooesBful  mining  qie- 
rations  except  those  in  Price's  Mountain  and  the  North  llonntain  in 
Montgomery  county,  Virginia,  and  near  the  New  River. 

Here  the  coal  is  found  in  two  parallel  basins,  of  limited  extent,  bat  of 
considerable  depth.  Price's  Mountain  basin  is  perhaps  a  thousand  feet 
below  water-level,  while  its  highest  bed  may  be  found  over  500  feet  above 
it.  The  strata  dipping  to  the  east— or  nearly  so^  as  the  *'  strike"  is  north- 
east and  southwest — have  a  gentle  inclination  of  about  26^;  bat  the  west 
dip  is  inverted,  with  an  angle  of  75^  to  80^  east  The  North  Mountain 
basin  has  the  same  gentle  east  dip  and  the  same  abrupt  and  inverted  west 
dip;  but  the  basin  is  not  as  deep  as  that  of  Price's  Mountain,  and  the  coil 
is  a  semi-bituminous,  instead  of  an  anthracite,  as  it  is  in  the  former. 

Both  basins  are  narrow,  single  troughs,  not  over  1000  feet  wide,  except 
at  the  southern  end  of  Price's  Mountain,  where  the  measures  are  '^  tumbled" 
or  crushed,  and  dislocated,  and  the  coal  worthless.  But  all  these  formationfl 
partake  of  the  inverted  feature  peculiar  to  the  Eastern  Palseozoic  strata, 
so  fully  developed  in  the  anthracite  formations ;  and  much  of  the  coal  even 
here,  where  it  exists  in  its  most  fiivorable  condition,  is  crushed  and  de- 
stroyed as  an  article  of  value.  The  crushing  forces  of  the  lateral  contrac- 
tion which  folded  the  lithological  structure  east  of  the  Alleghanies  in  sharp 
and  oft-repeated  axes  have  been  powerfully  exerted  in  this  region,  and  not 
only  crushed  and  disturbed  the  coal-seams,  but  so  disarranged  the  regnkr 
order  of  the  strata  that  much  labor  and  study  is  necessary  to  unravd  it 
But  here  is  the  proper  place  to  study  those  peculiarities,  which  extend  to 
so  great  a  limit  and  shroud  in  doubt  so  many  of  our  geological  problems. 
The  writer  spent  several  months  in  this  locality  during  1858-59,  and  bai 
found  the  lessons  there  learned  of  much  value  to  subsequent  investigations 
throughout  the  extended  line  of  inverted  Eastern  strata. 

There  are  three  principal  seams  in  these  coal-fields.  The  lower  bed 
ranges  from  2  to  4  feet  in  thickness,  and  contains  about  two-thirds  its 
dimensions  of  pure  coal, — anthracite  in  Price's  Mountain,  resembling  the 
red-ash  of  Schuylkill  in  character,  but  in  appearance  more  like  the  splint 
of  Kanawha,  but  semi-bituminous  in  the  North  Mountain,  with  much  the 
same  appearance.  This  coal  is  remarkably  free  from  sulphur,  but  contains 
much  eartliy  impurity,  averaging  from  10  to  20  per  cent  of  ash.  It  bums 
beautifully,  and  makes  a  lasting  rather  than  a  hot  fire,  except  under  strong 
drafl.  The  next  or  middle  bed  ranges  from  6  to  10  feet  in  thickness,  and 
produces  about  one-half  its  dimensions  in  available  coal,  rather  softer  than 
the  lower  bed,  and  more  '^  shelly"  in  character  and  appearance,  but  in 
fracture  and  uses  much  the  same.  It  is  about  60  feet  above  the  lower,  and 
divided  by  coarse  flags  or  laminated  sandstones  and  slates.  The  upper 
bed  has  not  been  developed  to  any  extent,  but  it  contains  less  available  coal 
than  the  middle  bed,  and  is  of  a  softer  and  more  unreliable  character. 
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All  these  beds  are  subject  to  frequent  changeSy  resulting  Scorn  original 
imperfection  or  subsequent  crust-movements.  ''  Dirt  fiiults/'  '^  slate  fiiults/' 
ind  ''rock  fitulte^'  are  common  occurrences.  The  dirt  and  slate  fitulte  are 
in  the  usual  form,  as  shown  in  Chapter  XIV.  The  rock  fiiults  are  slip 
dikes,  or  '^  upthrows'^  and  'Mownthrows/'  and  are  frequent  and  serious 
impediments  in  the  way  of  mining  operations.  Sometimes  the  beds  are 
thrown  down  20  or  30  feet,  and  in  a  few  yards  thrown  up  again  10  or  15. 
Several  mining  operations  on  a  small  and  primitive  scale  are  conducted 
in  these  coal-fields.  In  Price's  Mountain  basin,  a  slope,  known  as  Kyle's 
mines,  was  sunk  in  1857-58  to  the  depth  of  150  feet,  and  considcr- 
ible  valuable  coal  extracted.  We  believe  those  mines  arc  still  in  opera- 
tion. The  other  mines  are  small  drifts  or  tunnels  in  the  North  Mountain^ 
— the  whole  productive  of  less  than  10,000  tons  per  annum. 

The  extent  of  this  coal  formation,  as  before  stated,  has  a  wide  range ; 
but  its  outcrops  are  better  developed  along  the  eastern  front  of  the  Alle- 
ghany ranges,  or  the  mountains  parallel  with  the  Great  Valley  range,  than 
dsewhere.  Though  open  at  many  points,  and  productive  of  valuable  coal- 
beds  at  but  few,  this  formation,  under  friture  developments,  may  be  of 
great  value  to  the  districts  through  which  it  ranges,  as  an  article  of  fuel 
irben  the  country  becomes  more  thickly  peopled.  It  lies  parallel  with, 
ind  in  dose  proximity  to,  the  richest  and  most  productive  district  on  the 
/Lthmtic  slopes, — ^the  Great  Valley  range;  and,  though  the  coal  may  be  im- 
pure and  the  beds  uncertain,  a  great  amount  of  valuable  friel  may  be 
obtained  cheaper  than  it  can  be  transported  from  the  more  reliable  but  dis- 
tant coal-fields  of  the  North  or  West. 

In  the  New  River  coal-field,  which  is  part  of  this  proto-Carboniferous 
formation,  a  bed  of  pea  conglomerate  exists  in  its  natural  position  as  the 
Boor  of  the  coal  measures.  It  ranges  from  10  to  30  feet  in  thickness,  and 
is  so  nearly  like  the  conglomerate  of  the  eastern  margin  of  the  Great  Alle- 
ghany coal-field,  that,  were  the  other  conditions  identical,  we  should  not 
hesitate  to  pronounce  it  on  the  same  horizon  and  the  production  of  the 
nme  era.  But  since  the  red  shale  is  over  the  coal  measures,  and  the  fossils 
those  of  the  Subcarboniferous,  we  cannot  assign  it  to  the  true  coals;  while 
its  range  is  coincident  with  the  lower  or  false  coal  measures. 

The  anthracite  of  this  region  has  been  used  successfully  in  the  cupola 
in  the  production  of  castings,  but  we  have  not  heard  of  its  use  in  the 
blast-furnace.  We  have  no  doubt,  however,  of  its  value  for  such  purposcj*, 
if  divided  from  its  earthy  impurities. 

The  difficulties  of  mining  this  coal,  and  the  irregularity  of  the  be<b, 
will  always  be  great,  and  make  the  cost  much  beyond  a  reasonable  limit 
for  the  production  of  iron  to  compete  with  other  and  more  favored  sections 
in  this  respect 

The  coal  has  been  used  during  the  war,  at  Lynchburg  and  the  towns 
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along  the  line  of  the  Virginia  &  Tennessee  Railroad^  in  place  of  the  Penn- 
sylvania anthracite  formerly  used^  for  the  purpose  of  producing  csstii^ 
from  the  cupola  or  in  the  foundries;  but  no  pig-iron  was  produced  from 
the  blast-furnaces  in  Virginia  with  coal  as  a  fuel. 

The  ores  in  Southwestern  Virginia,  and  in  the  vicinify  of  these  coal- 
fields, are  abundant  and  rich,  principally  of  the  varieties  known  as  the 
red  and  brown  hematites;  but  the  red  oxides  or  fossiliferous,  and  some 
magnetic,  also  exist.  While  there  may  be  some  doubt  as  to  the  propriety 
of  using  the  coals  of  the  vicinity  in  the  blast-furnace  for  the  production 
of  pig-iron,  there  can  be  none  in  relation  to  the  value  of  the  ores;  and  the 
day  may  not  be  fiir  distant  when  enterprise  shall  open  the  way  for  their 
transit  to  the  magnificent  coal-beds  of  the  Kanawha,  where  iron  can  be 
made  with  the  assistance  of  the  ores  of  the  Southwest  as  cheaply  as  it  can 
be  made  in  any  other  part  of  the  world  under  the  same  rate  of  labor. 

The  coals  of  this  region,  however,  will  find  their  uses  for  domestic  par- 
poses.  The  surrounding  country  is  unusually  rich  and  inviting;  the  smb 
are  productive,  and  the  valleys  extensive  and  beautiful;  the  dimate  h 
delightful,  and  the  scenery  charming.  It  is  naturally  the  richest  and  mosi 
attractive  spot,  we  think,  in  the  Great  Valley  range,  though  not  so  wdl 
developed  or  so  wide  as  in  Pennsylvania  nor  so  level  and  extensive  as  in 
East  Tennessee.  But  it  is  rich  in  soils  and  minerals,  and  located  in  a 
high  mountain-valley,  where  the  extremes  of  north  and  south  are  modiML 
Copper,  lead,  and  iron  ores  are  abundant,  and  only  waiting  their  natnial 
outlet  down  the  New  River  and  through  the  Kanawha  Vall^  to  the  gveai 
West.  Such  a  development  would  not  only  enrich  this  section  of  Virginia, 
but  would  be  of  immense  advantage  to  the  manu&cturing  interests  of  die 
Kanawha  and  the  valleys  of  the  Ohio  and  Mississippi. 


PART  V. 
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imnNQ  ECONOMY  JlSD  tentilation. 

[ining  mboTfr  Wat«r<LflTfr1— Bj  Drifti  ukd  Tniiii»l^rniilm  M 

nJ—Sbmttm,  Slopn,  Ac.— ModH  of  Wmldng  ud  TaDtllUliig  MlB. 
FT  Bjitem— PltchlDg  flcuiu — EcDnoiBj'— WMtA  of  Ooal— ImptnTOd  Hstfaoda  ( 
~aiHwiiii,i)rli8»  Amlwot  Mp    ~ 


Wb  hare  endeavored  in  th«  preceding  chapters  lo  pre  a  oonciae  aooonnt  of  out  ooal- 
fleldt  and  their  peenliaritiee, — to  present  in  a  practical  and  oomprclienHiTe  manner 
tbe  chief  points  of  interest  or  value  to  the  miner  or  general  reader  in  regard  to  the 
extent  and  character  of  our  ooal-fielde  and  the  form  and  poeition  in  which  their  beda 
are  itratified  in  the  earth.  The  parelj  wientifla  may  not  derive  nnoh  benefit  or  be 
mneh  intereeted ;  bnt  to  them  also  we  present  many  &ota  and  niefiil  hints,  that  maj 
lead  to  more  definite  conalasions  and  more  satirfactorj  reenlts  than  tlie  numerotu  tiito- 
liea  now  extant  in  regard  to  coal  and  its  formation.  In  the  following  pagee  it  is  our 
pnrpose  to  present,  in  the  plainest  manner  possible  and  as  oonoiselj  as  we  can,  the 
tconcmy  of  mmmg  praotioallj  considered  and  as  a  science,  including  the  esoavation  or 
mining  and  raising  of  ooal,  and  the  drainage  and  ventilation  of  deep  mines. 


"DRIFTS,"  OR  WATBB-LSTELB. 


The  first  mode  of  mining  ooal 
was  by  open  qnanj  or  by  unoovei^ 
ing  the  coal-bed*  where  Utay  ap- 
proached the  sur&ee  wH  their  ont- 
crops  and  extracting  aa  mnoh  of  the 
coal  aa  possible  until  prevented  by 
water  or  the  inereasing  thickness  of 
the  covering  earth  The  most  re- 
markable instance  of  mm  ng  by 
open  qaarry"  waa  at  the  old 
Lehigh  Summit  mmea,  dnnug  the 
early  daye  of  the  anthraoite  coal 
trade  (see  flgnre  15),  where  the  out- 
crops of  the  Mammoth  presented  a 
mast  of  coal  nearly  one  hundred  fleet 
thick,  covered  by  a  small  amouiit  of 
earthy  sor&ce. 
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In  the  Biohmond  ooal-field  nnmnoiia  excavations  of  this  kind  are  found  along  the 
outoropa  of  ths  Mama,  and,  in  aome  caaee,  immenM  qnautitiM  of  earth  have  been 
removed  to  obtain  a  email  amount  of  coal.  In  Alabama  the  writer  witneased  tbta  mode 
c£  obtaining  ooal  within  the  last  fire  jears,  where  the  negroea  were  removing  tAirfy 
fvA  of  cover  to  obtwnybin*,^  of  coal;  while  the  team  wa«  finely  expoaed  in  the  aide 
of  the  hill,  where  the  coal  oonld  have  been  obtidned  with  one-tenth  the  labor  by  the 
ordinary  proceaa  of  "  drifUng"  on  the  team.  But  in  all  coontriea  thia  atyle  ia  alwaya 
the  first  adopted.  We  presume,  however,  Uie  dnelopment  of  the  Soathem  coal-fielda 
to  be  behind  that  of  all  other  oonntriea,  aa  there  neither  skill  nor  Mienoe  haa  aided 
brute  force  with  any  degree  of  intalligenoe. 

The  first  regular  sj^tem  of  mining  generally  adopted  ta  "drifliiig"  or  tunnelling  on 
the  "strike"  of  the  seam,  in  all  coal-fielda  where  the  seams  are  fbond  outcropping  in  the 
hills  above  water-level.  Bat  this  mode  can  be  used  only  when  l^e  beds  are  exposed  by 
denndatjon,  beneath  their  horiioc  when  flat,  or  beneath  their  line  of  strike  when  pitching. 
Drifts  differ  from  tunnels,  inaamnoh  aa  the  former  enter  the  seam  and  follow  it;  while 
the  latter  generally  oroaa  the  measurea  at  right  angles  with  the  seam  and  penetrate 
the  rooky  stmta  to  the  cool. 

Id  the  anthracite  r^iona,  drifts  are  generally  need  above  water-level,  entering  the 
•etuna  where  cut  by  the  watercourses;  but  where  the  seams  are  not  thus  exposed,  they 
are  cut  by  tunnels,  and  the  ooal  worked  at  right  angles  to  the  same  by  "gangways." 
Thia  term  (gangway)  ia  also  applied  to  the  drift  after  it  has  entered  the  bed  a  sufficient 
distance  to  admit  of  ohambera  or  "breaate"  being  "turned."  All  Uiemain  avenneeof 
the  mine  through  which  the  ooal  is  conveyed  from  the  ohamban  are  known  as  gang- 
ways.   The  English  minera  call  them  main-ways,  nUey-ways,  io. 

To  exphun  more  clearly  to  the  inexperiencei],  ws  give  the  following  illnstcation, 
figure  137,  ahowing  the  outcrop,  atrike,  water-level,  and  dip,  which,  in  oonneotion  with 
the  accompanying  repreaentations,  will  fully  expreaa  the  position  of  ooal-beda  and  the 
modea  of  entering  them  by  drift,  tunnel,  slope,  or  shaft. 

In  figure  137  the  ooal  above  the  waier-Uvel  line  may  be  reached  by  drift  from  either 
aide  of  the  ravine  or  water-course  denoted,  and  on  s  level  with  the  stream.    The  ^tUm 
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of  the  onten^,  or  oonrM  of  Uie  seam,  ia  indicated  by  the  atrai^t  arrow;  while  the 
actual  ontetop  i>  abowm  by  the  bent  armwa  In  the  ooaL  The  intervening  space  ia 
denuded  bj  tha  no^on  of  water, — both  ooal  and  ooal  measures  haaing  bem  swept 
sway.  Thedipef  the  ooal  ia  denoted  by  the  word  in  the  engraving,  but  ia  more  clearly 
expressed  in  the  foQcFwing  oat,— figure  138, — which  ahowa  the  ontorops  from  an  end 
view,  instead  of  the  snr&ce  view  in  the  preceding. 

The  ao^n  of  the  water,  as  shown  in  the  foregoing  figure,  enables  the  miner  to  enter 
the  eoai  on  its  strike  at  water-level.  If  not  thus  exposed,  it  contd  only  be  opened  bj 
tunnel  across  the  measures,  in  order  to  effect  its  drainage  and  obtain  the  ooal  without 
the  use  of  steam-power. 

Thia  form  of  exposure  is  peculiar  to  pitching  seams  and  hilly  distiiota.    In  diatrieti 


KENINO   COAL   ABOVE  WATEB-LEVEL. 


413 


or  fieldi  where  Uie  coal  is  hortiontal  or  nearlj  bo, — for  instaDce,  M  represent 
123,  Kanawha  region, — the  effect  of  denudation  ib  quite  different,  Uid  the  w 
entered  at  abmoat  kdj  point  on  the  iides  of  a  mountain.  Tunnela  cannot  be  used ;  and, 
vhen  the  denuding  watera  have  not  cut  down  the  meaauiea  and  exposed  the  aeams, 
shafting  alone  can  be  resorted  to. 

But  we  must  follow  Uie  original  development  of  coal  further,  before  ezpl^ning  the 
more  adranced  modes. 

Figure  138  explains  more  fullj  the  outcrop*  of  pitching  seams,  and  the  mode  In  which 
ttiej  may  be  found  and  proved  on  the  surface  b;  means  of  a  "  trial-ptt."  The  indicv 
tionsof  coal  are  unmistakable  to  the  practised  e;e,  and  any  good  practical  miner  should 
know  the  difference  between  coal  meakura  and  ordinarj  strata;  but  even  the  most  expe- 
rienced cannot  always  tell  the  exact  spot  in  which  a  seam  of  coal  maj  be  found  within 
those  measures.    The  surface  is  generally  covered  to  a  considerBble  depth  by  debris  or 
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wash  from  other  material  than  that  near  the  coal,  and  it  requires  some  skill  to  locate' 
the  positions  of  the  seams,  and  frequently  some  digging ;  but  when  once  located  and 
proved,  as  shown  in  the  preceding  illustration,  the  tracing  of  the  respective  seams 
along  their  outcrop  or  strike  is  not  a  difficult  matter.  In  the  anthracite  regions  the 
lower  series,  or  whlle-asb  beds,  can  generally  be  traced  by  the  accompanying  rocks, 
which  are  peculiar  and  always  in  place.  The  conglomerate  always  lies  below  the  lower 
bed,  and  frequently  between  the  lower  coal-strata;  while  a  heavy,  coarse  sandrock 
overlies  the  Mammoth  Bat  this  large  bed,  lying  between  those  massive  rooks  and  ex- 
posing its  slates  and  outcrops  frequently,  is  not  easily  concealed  from  the  miner.  The 
upper  seams  are  more  difficult  to  find ;  but,  knowing  their  respective  distances  from  some 
well-known  rock  or  bed,  it  is  only  a  matter  of  patience  and  time.  They  can  always  be 
opened  by  the  pick  and  »hovel  with  a  little  labor;  and  the  traoing  from  point  to  point 
can  then  be  done  by  the  accompnnying  surface  slate*  or  rocks,  by  noting  the  dip  and 
course,  and  following  by  compoaa,  by  tracing  witli  an  auger,  by  light  surface-shafliDg, 
or  simply  by  the  a/t  and  minif. 

But  in  some  coal-fields  there  Is  more  difficulty  in  finding  the  coal  and  tracing  the 
seams.  In  the  Richmond  coal-fleld,  where  the  surface  is  covered  with  sand  and  the 
debris  of  distant  and  foreign  strata,  where  the  ooal  measures  conseqnently  are  con- 
cealed, and  where  the  seams  are  irregular  in  both  dip  and  strike,  notbing  but  actual 
proof  by  shaft  or  auger  will  be  available.  But  in  the  Western  ooal-flelds,  where  the 
measures  are  out  down  by  streams,  the  discovery  and  traoing  of  the  coal-seams  are 
matters  which  require  little  experience  or  skill. 
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SHAFTS,  SLOPES,  TUNSELS,  ETC. 

Id  the  Bcconpanjing  illuatratioD,  figure  139,  tre  prment  tbe  tuiodi  modoi  of  >Biiiiii| 
u  parmed  in  the  anthracite  coal-fieldi.  The  deep,  abrupt  baain  of  eoftl  od  the  Ut 
is  opened  b;  elupe,  a,  a,  in  preferoDce  to  imj  other  mode,  m  the  aimpleat  and  m«l 
available.  Tlie  pofllticin  of  the  iieam,  dipping  at  an  angle  of  60°,  in  which  the  ilopt  i) 
eunk,  would  imlicate  it  to  be  the  Mammoth.  The  baeia  of  thia  aewn  ia  reached  \if 
the  eecond  "lift"  in  the  alnpe.  Each  "lift,"  of  ooe  hundred  yards'  depth,  is  denoted 
by  a  tunnel,  e,  e,  driven  to  cut  tbe  overlying  and  aaderlying  seama.  Yvm  Ac 
Fm.  189. 


basin  of  Uie  Hammoth  the  slope  ia  continued  another  "lift" — the  third — waim  U 
measures  to  the  bssin  of  the  Buck  Mountain  bed,  or  B;  and  by  this  means  the  caliii 
baaia  is  exhausted  with  much  eoonomy,  and  in  less  time  than  it  oonld  bemadeftfiiUll 
by  fhoft. 

To  the  ineiperienced  this  may  require  a  little  more  explanation,  ^m  vppv* 
vatcr-lerel  portion  of  the  acnms  here  denoted  is  marked  out  by  means  of  d^h,  i, 
irhiuh  may  be  eetimnted  as  starting  at  water-level,  and  300  feet  from  the  outOTp^ 
below  the  engine-house.  The  finit  lift  of  the  dope  ia  to  tunnel  No.  1.  300  feet  btbf 
the  water-level  line ;  tlie  second  lift  is  to  tunnel  Xo.  2,  or  the  basin  of  the  seam  in  «^ 
tbo  slope  is  sunk,  which  is  about  300  feet  below  tlie  line  of  tunnel  Na  1.  The  'did 
lift  ia  from  the  basin  of  £  to  the  basin  of  B,  and  may  be  300  feet  This  would  luki 
the  Icn|;th  of  the  slope  from  the  landing  in  front  of  the  engine-house  1200  ftet  10B|I* 
the  basin  of  B ;  but  the  water  would  only  be  lifted  900  feet,  or  to  the  lino  oS  tbe  wil» 
level,  and  by  three  "lifts."  The  term  "lift"  is  piven  to  denote  the  distance  whlekfls 
water  ia  lifted  by  each  set  of  pumps.  It  ia  found  by  eiporience  that  300  feat  peipA- 
dtcular  ia  about  the  maximum  height  for  a  column  of  water  to  be  lifted  by  pniapi| 
machinery;  if  amine  be  500  feet  deep,  it  ia  better  to  divide  the  column  in  tvolih 
than  to  attempt  to  lift  it  in  one  column.  The  word  lifl,  therefore,  haa  become  •  ttA- 
nical  phraac  to  denote,  not  only  thq  diatance  which  tlie  water  is  lifted,  b«rt  aba  Iki 
extent  of  "breast"  found  most  avulable  in  our  present  mode  of  mining  anthraflttcnL 
It  will  benoticed  that  all  tho  coal  of  the  left  basin  can  be  obtained  by  means  cf  this  ■< 
slope,  and  the  tunnels  which  are  driven  to  the  different  seams. 

The  right  basin,  however,  being  wider  and  more  shallow,  while  the  bottcsn  is  «■- 
parotively  horisontol,  can  be  mined  by  shaft  with  more  economy  and  arailabilitj  >kH 
by  any  other  means.  The  distance  from  the  surface  to  the  lower  big  vein,  or  B,  vip 
such  circumstances,  would  be  about  GOO  feet,  and  that  to  the  Mammoth,  or  oppRlil 
vein,  E,  350  feet.  In  all  shallow  basins,  where  tho  coal  has  a  low  angle  of  dip,  and  A* 
basina  are  consequently  wide,  shafting  is  the  most  available  mode  of  retching  n' 
mining  the  coal. 
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I  this  basin,  both  drift  and  tunnel  are  used  to  obtain  the  coal  above  water-level, 
position  may  be  such  that  drifts  cannot  enter  the  seams  at  water-level,  and  a  tunnel 
ten  TMorted  to;  bat  the  distance  from  the  toifnel  c,  e,  to  the  outcrops  of  the  seams 
10  gnst  to  be  mined  economically  by  one  set  of  breasts  or  chambers,  particularly 
n  the  angle  of  dip  is  as  low  as  here  represented,— 30*»:  therefore  a  •'counter-level,  "or 
t,  d,  ia  dmen  into  the  seam  between  die  tunnel  and  the  outcrop,  and  the  coal  brought 
n  to  the  lerel  of  the  tunnel  by  inclines.  The  position  of  the  coal-breakers  and  out- 
improrementB  is  denoted  by  the  buildings  in  connection  with  the  respective 
ns.  This  illustration,  if  properly  understood,  will  convey  a  better  impression  of  the 
es  of  mining  generally  in  use  than  could  be  given  by  pages  of  description:  we 
efore  briefly  call  attention  to  the  letters  in  the  engraving,  and  leave  the  reader  to 
id  oaf  what  we  may  have  omitted.  A  glance  will  be  sufficient  for  the  practical 
nnprehend  the  whole. 

DES  OF  MINING  AND  VENTILATION  IN  USB  IN  THE  ANTHRACITE  REGIONS. 

i  hat  been  often  siud,  and  frequently  most  obstinately  argued,  that  the  modes  of 
ing  adopted  in  the  anthracite  regions  of  Pennsylvania  were  the  necessary  results 
he  pecoliarities  of  the  region,  and  that  the  improved  systems  of  the  English  miners 
BOt  be  profitably  introduced.  We  have  invented  a  style  peculiarly  our  own,  and  no 
mpte  have  been  made  to  improve  it :  and  that  the  general  system  is  correct  we  have 
e  room  to  doubt ;  but  that  it  cannot  be  improved,  we  think  a  serious  mistake,  and 
thai  ia  causing  a  loss  of  millions  of  tons  of  coal  per  annum  to  the  landed  proprie- 
,  and  perfaape  as  many  millions  of  dollars  to  the  operators  or  miners.  The  English 
iem,  which  ia  generally  used  in  horizontal  seams,  will  not  do  for  direct  importation 
b ;  bat  a  modification  (?)  of  the  two  systems  can  bo  made  available,  and  efi^ect  a  decided 
vorement  in  our  styles  of  mining  and  in  the  economy  of  coal  and  its  production. 
^e  will  first  give  a  page-illustration  of  the  various  plans  now  in  use  in  our  mines ; 
,  instead  of  giving  them  in  separate  engravings,  we  have  given  seven  plans  in  one 
itration,  for  two  reasons.  First,  our  deep  basins  do  not  carry  one  invariable  dip : 
have  aeen  them  vary  from  5°  to  30^  in  the  same  seam:  consequently,  nearly  all  the 
IS  represented  are  frequently  required  in  one  mine;  and  we  give  them  also  to  show 
ir  absurdity.  Second,  the  mode  adopted  brings  the  several  plans  before  the  eye,  and 
hies  us  to  present  them  comprehensively. 

7e  will  first  explain  the  mode  or  general  style  here  adopted,  and  the  necessity  for 
changes  in  the  modes  of  mining,^KX>mmencing  at  the  shaft  a.  The  design  is  for  a 
re,  double  upcast  and  downcast  shaft,  with  double  hoisting-ways  in  each  compart- 
it,  and  ventilated  by  furnaces,  as  shown  at  6,  or  by  fan,  if  desirable. 
Ye  asRime  this  shaft  to  be  sunk  in  the  centre  or  deepest  part  of  a  basin,  but  that 
\  basin  is  much  narrower  at  one  eod  than  the  other,  and,  consequently,  that  the  angles 
lip  are  proportionally  steeper:  this  would  necessitate  modifications  in  the  mode  of 
ling  the  coal.  At  dips  ranging  from  5**  to  30^  the  coal  would  not "  run"  in  "shutes," 
the  cars  must  be  taken  in  the  "  breast"  to  the  miner,  and  the  coal  taken  direct  from 
hand.  But  when  the  dip  is  over  10^,  the  cars  cannot  be  taken  off  at  right  angles 
b  the  gangways  or  main  avenues:  they  must  have  an  oblique  course,  in  order  to  over- 
le  the  grade.  When  the  dip  of  the  seam  is  over  30^,  it  becomes  too  steep  to  take  the 
I  into  the  breasts,  and  '*shutes"  are  resorted  to.  These  are  passages,  or  "ways," 
ren  at  right  angles  with  the  gangways,  and  kept  open  in  the  middle  or  at  each  side 
he  breast  or  chamber;  into  these  the  miner  throws  his  coal,  which,  by  its  own  gravity, 
es  down  to  the  bottom,  where  it  is  loaded  into  the  cars.  The  difficulties  with  this 
ie  are  twofold :  first,  when  under  30^  of  dip,  the  coal  will  not  run  freely  down  the 
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otM ;  «nd  Mecnd,  whan  •toeper,  the  miner  hu  mnoh  difficult  in  taking  np  hit 
FI0.1W. 


Fignn  140  IllaitrktM  clearly  the  fonn  of  the  ohunheri,  or  breaats  and  pillar*,  made 
•  of  IB  all  our  pitching  teamB ;  but  the  representation  oouTeja  aimpl;  the  idea  of  the 
rm  at  brVMt  and  pillar  altematelj.  The  ur^onnee,  iibntei,  Jbe.  are  not  dieptajed. 
In  dia  plan  or  plans  illastmted  on  page  416  we  have  introduced  what  may  be  called 
loabla  Mt  of  working*. — one  on  each  side  of  the  baain:  ooneequentlj,  two  F;angw*jB 
a  dtowB,  and  two  regnlar  return  ur-oounea,  with  one  inlet  aii^flonme.  We  do  not 
.wnnte  thia  plan,  nor  thiak  tliat  all  these  mainways  are  required.  A  single  gangway 
tha  eeatra  of  the  bann  would  answer  for  a  lai^  business,  and  for  the  purpoM  of  an 
lat  ^iMM'aa,  while  the  two  panllel  ur-eonrsea  would  be  all  that  ia  desirable  for  the 
lUB  air,  paofided  aneh  a  oonaummation  could  be  made  to.work  onder  all  the  eirentn- 
neaa ;  bst  there  the  difficulty  lies.  A  single  gangway  mi^t  anawer  where  the  baxio 
flat  and  wide,  and  where  the  cars  can  be  taken  into  the  breasts;  but  in  plans  4  and  5 

0  pngv^a  are  Bbsolntely  necessary.  While  the  pitch  may  be  steep  enongh  for  the 
ll  to  "ran"  on  each  nde,  it  is  not  bo  in  the  centre:  consequently,  the  gangways  must 
along  the  foot  of  each  dip,  instead  of  the  centre  of  the  synclinal.  The  only  change 
it  Mold  be  made  to  work  this  centre  basin  from  one  shaft  wonld  be  to  diBpense  with 

1  T»iim«  Met  air-tourie,  aad  with  one  gangway  to  the  left  of  the  shan :  othcrwiee 
I  whola  eomplieated  system  is  required  to  ventilate  the  works  and  mine  the  coal  on  a 
rga  aeala.  bi  regard  to  the  plans  displayed,  it  is  not  necessary  that  all  the  modea 
eaented  ahoald  be  need,  since  Noa.  1  and  2,  and  G  and  7,  are  much  the  aome,  and  simply 
iitili*Ml  diflerently  and  mined  in  Tariona  forms  to  illnstrate  the  modes  in  use.  Likc- 
aa  Noa.  3  and  5  are  so  near  alike  in  practical  effect  that  either  could  be  uaed  in  the 
■aa  plaea  or  oa  the  same  dip.  With  this  explanation,  we  may  go  an  to  deecribe  tbe 
idea  or  plana  aa  given  in  the  preceding  engnTing. 

PL.4N  NO.  1. 
Tlat  ia  a  mode  generally  made  use  of  in  flat  seams,  or  where  tbe  dip  is  about  5". 
a  are  turned  off  from  tbe  main  avenue  or  gangway  nt  right  angles,  and 
■  for  the  mine-cars  take  up  one  or  both  sides  of  the  breast  or  chambers, 
bile  tbe  air  is  carried  up  one  aide  and  down  the  other.  This  plan  is  frequently  modi* 
d  by  cutting  "headings"  from  one  brpoat  to  the  other,  as  shown  in  Nn.  ",  and  i-arry- 
g  the  air  ahmg  the  face  of  each,  as  shown  in  No.  2.  The  arrows  indicate  the  couraa 
the  tir.     Ttuspfan  will  come  under  consideration  agun  in  No.  7. 

PLAN   NO.  2. 
His  is  an  offset  that  becomes  necessary  from  the  change  of  pitch,  which 
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from  5^  to  10^,  as  shown  by  the  figures.  This  mode  might  be  eontinaed  through  No.  3 
with  benefit,  we  think;  but,  as  it  is  not  oonsistent  with  the  plans  generally  adopted,  ire 
have  given  those  which  are.  It  will  be  noticed  by  those  who  are  ^^— iis^y  ^^  buc]! 
matters,  that  the  change  from  No.  1  to  No.  3  becomes  necessary  in  conaeqaence  of  the 
ohange  of  dip:  while  No.  1  runs  off  at  right  angles  to  the  gangway.  No.  3  runs  off 
obliquely  in  order  to  accommodate  the  grades  of  the  railroads  to  the  dipa  of  the  setm. 
This  oblique  course  leaves  an  angle  or  comer  which  No.  2  remoyes;  and,  as  it  is  not 
desirable  to  start  off  chambers  of  thu  character  near  the  shaft,  a  larger  corner  h 
allotted  to  No.  2  than  is  absolutely  neoeaaary.  The  air  from  No.  1  diealatea  thxoagh 
No.  2. 

PLAN  NO.  8. 

The  general  mode  of  mining  ooal  from  pitching  seams  which  are  not  steep  enongh  to 
"run"  the  coal  down  the  shutes,  and  yet  too  steep  to  take  the  cars  in  any  direction  the 
minor  may  choose,  is  given  in  this  plan.  The  course  of  the  chambers  or  breasts,  and, 
consequently,  of  the  tram-roads  following  them,  is  at  greater  or  lees  angles  with  the 
gangway,  according  to  the  dip  of  the  seam.  If  the  dip  is  10^,  the  course  may  be  nearij 
at  right  angles,  but  if  30^,  the  course  must  oblique  slowly  from  the  gangway  and  ran 
nearly  parallel  with  it.  This  mode,  therefore,  has  serious  objections,  since  no  order  or 
system  can  be  continued  unless  the  dip  of  the  seam  is  uniform,  and  then  no  perfect 
system  of  ventilation  can  be  preserved  in  extensive  mining.  The  ol^eetioiia  are  to 
numerous  that  we  do  not  think  it  profitable  to  argue  them.  The  mode  of  ventilatiao 
conmionly  adopted  is  by  "cross-heading"  at  intervals  from  one  breast  to  another,  or  bf 
carrying  the  air  up  one  and  down  the  other, — both  being  alike  olgectionabla  and  dan- 
gerous in  a  fiery  mine,  from  the  fact  that  the  gas  is  carried  a  great  distance  with  ill 
gathering  impurities,  past  the  face  where  the  miners  are  at  vrork,  and,  oonseqinnt^, 
can  furnish  only  impure  air  to  the  outside  breasts,  and  may  become  inflammable  enongh 
to  ignite  from  the  miners'  lamps. 

PLAN  NO.  4. 

This  mode  differs  essentially  from  those  mentioned  in  the  fbregoing  plans.  Tber 
(Nos.  1,  2,  and  3)  require  the  car  to  enter  the  chambers  and  follow  the  miner,  taking 
the  coal  from  his  hand  direct  to  the  surface;  but  Nos.  1,  2,  and  3  can  be  used  to  adfso- 
tage  only  when  the  pitch  or  dip  of  the  seam  is  below  25®;  when  it  is  over  tfaati  "shotsi^ 
instead  of  railroads  are  made  use  of,  as  shown  in  plans  4  and  5.  In  plan  4  the  shuts 
is  carried  up  the  centre  of  the  breast.  In  small  seams  it  is  a  passage  or  way  abont  C 
feet  wide  up  the  middle  of  the  breast,  secured  by  timber  on  each  side,  and  agunstwhidi 
the  refuse  of  the  mine  is  packed  on  the  outside.  An  avenue  or  incline  is  thus  fbrmed 
directly  up  the  pitch  of  the  scam  and  at  right  angles  with  the  main  gangway.  Into 
this  the  coal  is  thrown  by  the  miners  or  their  assistants,  and  down  the  smooth  incline 
formed  by  the  bottom  slate  of  the  seam  the  coal  slides  to  the  vicinity  of  the  gangwtT. 
where  it  is  loaded  into  the  cars.  This  plan  is  perhaps  improved  by  that  of  No.  5,  in 
which  the  shutes  are  carried  up  on  each  side  of  the  breast  and  against  the  udes  of  the 
pillars,  in  which  case  there  are  two  shutes  to  each  breast,  but  only  the  same  quantity 
of*  timber  required,  as  a  single  row  of  "props,"  parallel  with  each  pillar,  is  suflicient. 
In  either  case  the  air  is  generally  carried  up  one  breast  and  down  the  other,  or  alon| 
tl^e  face  of  the  breasts,  going  up  the  inside  one  and  down  the  outside  one;  bnt  most  of 
the  anthracite  collieries  worked  on  this  plan  are  small  red-ash  seams  above  water-lerd, 
and  the  air  in  such  cases  generally  escapes  through  an  "  air-hole"  ascending  to  the 
surface  from  one  of  the  breasts.  In  large  collieries  below  water-level,  improvementi 
are  required  which  will  be  illustrated  farther  on.    Many  of  our  oollieries,  however,  an 
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still  worked  on  this  principle,  and  they  are,  coDsequently,  often  troubled  with  "bod 
air/'  and  intermpted  by  falling  rock  or  "cmshee"  in  the  abandoned  portions  of  the 
mine,  through  which  the  air  is  necessarily  carried. 

PLAN  NO.  6. 

This  mode  has  several  modifications,  and  may  be  considered  the  best  in  nse  in  the 
anthracite  mines.  The  illustration  conveys  but  an  imperfect  impression  of  this  style, 
and  only  gives  one  illustration  of  it.  It  may  be  noliced  that  the  air  passes  up  one 
shute  and  down  the  other  in  the  same  breast.  This  is  not  the  beet  or  the  general  plan. 
It  is  more  frequently  carried  up  one  breast  and  down  the  other  by  '*  cross-heading"  the 
interrening  pillars.  But  perhaps  it  is  as  usually  carried  up  the  inside  breast  and  along 
the  '*  faces"  of  the.  breasts  through  occasional  cross- headings,  and  down  the  outside 
breast.  The  second  plan  is  better  than  the  first;  but  between  the  second  and  the  third 
there  is  not  much  difference.  When  the  shutes  are  long,  foul  air  is  apt  to  gather  in 
them,  unless  a  current  is  kept  in  circulation  through  them ;  and  in  this  respect  the 
second  mode  is  preferable  to  the  third ;  but  both  are  defective,  from  the  fact  that  the 
entire  impurities  of  the  mine  are  swept  along  with  the  current  through  all  the  breasts, 
and  the  gathering  gasc^  and  foul  air  must  accumulate  and  become  obnoxious  in  the 
outside  breasts.  This  is  the  great  evil  in  all  our  modes  of  ventilation.  The  air  is 
carried  in  an  unbroken  current  through  the  entire  mine,  sometimes  traversing  many 
lailea  of  aiiHSOurses,  and  carrying  the  foul  air  and  gases  from  one  breast  to  the  other, 
from  the  inside  miner  to  the  next  outside,  to  the  end.  It  not  only  makes  the  current 
weak,  but  it  can  furnish  only  impure  air  to  a  large  portion  of  the  mine. 

We  have  given  a  part  of  the  excavated  portion  of  the  mine,  or  goaf  (gob),  in  plan  5, 
representing  portions  of  the  pillars  "lost ;"  but  this  is  a  favorable  exposition.  We  have 
no  doubt  that  from  one-third  to  one-half  the  coal  in  our  large  beds  is  *'  lost''  by  this  plan 
of  mining ;  and  we  cannot  see  how  it  can  be  otherwise,  since  the  immense  pillars,  except 
their  upper  portion,  must  stand  until  the  entire  mine  is  worked  to  the  boundary  before 
they  can  be  "  robbed,"  or  ''worked  back ;"  and  when  this  comes  to  be  done,  the  immense 
weight  of  the  superincumbent  strata  brings  on  a  *'  crush,"  which  ruins  most  of  the  coal 
and  prevents  the  remainder  from  being  obtained,  so  that  none  or  but  little  of  the  nume- 
rous and  massive  pillars  left  by  our  present  system  of  mining  can  be  obtained.  In 
both  respects, — in  ventilation,  as  well  as  the  economy  of  coal, — the  mode  of  mining 
generally  in  use  in  the  anthracite  regions  is  not  only  seriously  defective,  but  wasteful, 
damgtroiu,  and  ruinous. 

There  are  exceptions  to  this  sweeping  charge;  but  they  are  few  and  far  between,  and 
we  have  rarely  met  with  a  well-ventilated  and  economically  mined  colliery  in  this 
couiitry, — much  to  our  surprise ;  since  the  best  of  English  talent  is  employed  in  the 
anthracite  regions,  and  we  cannot  accept  the  maxim  that  the  English  modes  do  not 
apply  to  our  formations.  We  hope  to  prove  conclusively  that  we  are  not  only  following 
the  most  wasteful,  imperfect,  and  costly  methods,  but  that  the  improved  and  long-tried 
English  plans  of  ventilation  and  mining  can  be  successfully  modified  and  applied  vrith 
mnoh  economy  to  our  anthracite  mines;  while  for  the  bituminous  regions  they  are  just 
the  plans  required. 

PLAN  NO.  6. 

This  is  a  modification  of  No.  2,  to  conform  to  the  greater  angle  of  dip,  which  increases 
from  5^  to  30^.  It  is  the  same  in  principle  as  No.  3,  and  is  much  in  use  where  the 
angles  of  dip  are  within  the  degrees  'specified.  This  and  the  preceding  modes*~plans 
Noe.  4  and  5— are  in  general  use  in  the  anthracite  regions,  but  are  both  open  to  the 
objections  in  regard  to  ventilation  and  the  waste  of  coal ;  and  no  order  or  system 


420  MiNiHO  xxx>NO]nr, 

ean  be  Baooessfiill j  punaed  tluit  is  not  liable  to  sudden  derangement  from  Hie  fteqncet 
changes  of  dip.  The  ventilation  in  plan  No.  6  is  suseeptible  of  a  change  from  the  mode 
giren,  which  is  perhaps  the  best  in  works  of  small  extent;  but  when  man  estMuhe 
the  air  is  taken  down  one  chamber  and  up  the  other. 

The  cars  are  taken  into  the  breasts  or  chambers  in  all  snch  eases :  tihej  follow  the 
miner  and  receire  the  coal  from  his  hand,  taking  it  direct  to  the  snrfaoe.  Where  ths 
dip  is  considerable,  the  railroad  (tram^way)  is  carried  on  the  lower  side  of  the  breast 
or  chamber,  against,  and  parallel  with,  the  pillar.  If  carried  through  the  middle  of 
the  chamber,  when  the  dip  is  considerable  it  would  occasion  much  labor  in  handling 
the  coal  up  from  the  "dip  side,"  and  would  also  prevent  the  drainage  of  the  water 
from  the  lower  side  oF  the  chamber ;  but  when  the  road  is  carried  on  the  "  dip  side" 
it  forms  an  escape  for  the  water,  and  enables  the  miner  to  Mlide  his  ooal  down  the 
incline  of  the  seam  from  the  upper  portions  of  the  chamber  to  the  vioinity  of  the  car, 
and  thus  eaves  handling.  These  breasts  or  chambers  are  carried  from  16  to  ^  feel 
wide,  according  to  the  nature  of  the  top  and  the  size  and  character  of  the  aeam. 

PLAN  NO.  7. 

This  is  a  simple  modification  of  No.  1:  they  are  both  worked  on  the  same  prineipla 
In  this  case  the  roads  are  carried'  through  the  middle  of  the  chambers  instead  of 
the  sides,  and  the  air  passed  up  one  breast  and  down  the  other ;  though  it  is  perhaps  es 
frequently  carried  along  the  yocM,  by  going  up  the  inside  breast  and  down  the  wimtk 
one. 

These  chambers,  like  those  of  No.  1,  are  taken  off  at  right  angles  from  the  gtngwi^ 
or  main  avenue,  and  can  be  successfully  used  only  when  the  dip  is  about  5^  or  lea^ 
— which  is  not  of  frequent  occurrence  in  the  anthracite  regions,  except  in  the  SennlOB 
district  of  the  Northern  coal-field. 

Plans  Nos.  1,  2,  and  3  are  much  the  same,  and  in  use  where  the  dip  of  the  eeaas  ii 
at  a  low  angle.  The  modifications  of  these  plans  in  the  style  of  ventilation  are  es 
represented.  The  air  is  passed  from  face  to  face  through  the  pillars  and  up  oae 
breast  and  down  the  other,  or  up  the  inside  breast  and  down  the  outside  one,— bet 
always  carried  in  an  unbroken  current  through  the  entire  mine,  or  that  portion  of  it 
lying  on  one  side  or  other  of  the  shaft  or  slope. 

Plans  Nos.  3  and  6  are  similar  to  each  other,  and  differ  only  in  the  mode  of  leaving 
the  main  avenue.  These  plans  are  used  generally  when  the  dip  of  the  seams  is  Ofsr 
5^  or  under  25®.  They  are  the  most  defective  modes  in  operation,  and  are  more  liable 
to  interruption  and  confusion  than  the  other  plans  given ;  while  the  diffiouhiee  ef 
ventilation  and  the  waste  of  coal  are  equally  defective ;  but  in  regard  to  the  eoet  of 
mining  and  sending  coal  to  the  surface,  this  mode  is  perhaps  as  economical  ae  any 
other,  and  much  more  so  than  the  breast  and  shute  method,  unless  the  pUeh  is  gntt 
enough  to  admit  of  the  coal  running  into  the  cars  without  rehandling.  Noe.  1,  2,  and 
7  are  similar  in  this  respect  to  Nos.  3  and  6 ;  the  former  are  the  most  simple,  and  lees 
liable  to  derangement,  but  can  be  adopted  only  in  horizontal  beds,  or  where  the  dip  is 
less  than  5®.  Plans  Nos.  4  and  5  are  likewise  similar  to  each  other,  and  are  simple 
modifications  of  the  same  general  plan. 

It  thus  results  that  there  are  two  general  systems  in  use  in  the  anthracite  regions,— 
one  practised  in  all  seams  where  the  dip  is  less  than  25°  or  30°,  and  the  other  where  the 
dips  are  above  30°. 

In  the  first,  the  cars  are  taken  into  the  breasts  or  chambers,  and  follow  the  nunere  te 
receive  the  coal  direct  from  their  hands ;  in  the  second,  *'  shutee"  are  used,  down 
the  coal  slides  on  the  inclining  bottom  slate  of  the  seams,  or  on  sheet  iron  or  plank 
for  the  purpose,  when  the  dip  is  not  steep  enough  for  the  ooal  to  elide  readily  oa  the 
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bottom  alate.  These  shates  either  lead  direct  into  the  cars,  which  stand  on  the  main 
railroad  in  the  gangway,  or  the  coal  is  rehandled  and  thrown  by  hand  into  the  cars. 
When  the  seam  is  large  and  the  pitch  steep  enough  to  cany  the  coal  down  by  gravity, 
the  first  method  is  used ;  but  when  the  seam  is  small  and  the  angle  of  dip  low,  the 
second  and  more  expensive  method  is  used. 

The  system  of  ventilation  is  much  the  same  in  general  principle,  whatever  plan  of 
mining  be  used, — subject,  however,  to  the  modifications  specified.  The  general  and 
governing  principle  of  the  system,  and  its  most  objectionable  feature,  is  the  circulation 
*  of  the  ur  in  a  continuous  column  or  channel  throughout  the  mine,  sweeping  the  impuri- 
ties of  the  works  before  it,  and  carrying  the  foul  air  and  accumulating  gases  from 
miner  to  miner  and  from  breast  to  breast,  until  they  become-obnoxioos  and  dangerous. 

In  an  extensive  mine  conducted  on  this  principle,  there  can  be  no  perfeot  ventilation. 
It  is  tme  that  a  strong  current  of  ur  can  be  moved  through  the  mine  when  the  air- 
ooanes  are  systematically  arranged  and  kept  in  order  by  mechanical  means;  and  the 
inflammable  gases  may  be  diluted  beyond  the  explosive  point ;  but  the  powder-smoke 
from  frequent  blasting,  the  smoke  and  carbonic  oxide  from  hundreds  of  lamps,  the 
exhalations  of  the  workmen,  and  the  accumulating  foulness  resulting  from  these  and 
other  causes,  must  pass  from  man  to  man,  and  render  more  and  more  deleterious  the 
impure  air  they  breathe. 

Botk  while  this  serious  difficulty  exists  in  the  best-voitilated  collieriea  under  our 
present  system,  those  which  are  not  well  ventilated — and  they  are  by  frr  the  moel 
numerous— suffer  from  still  more  serious  and  additional  difficulties  from  tibe  lack  of 
■nch  air,  bad  as  it  is,  and  from  the  constant  presence  of  explonve  gases.  Thousands  of 
cor  miners  are  obliged  to  work  in  an  atmosphere  as  explosive  as  powder,  and  which  the 
least  forgetfulness  or  accident  might  ignite  with  sudden  destruction  to  life  and  ruin  to 
psopeity.  These  difficulties  and  dangers  will  always  exist  as  long  as  we  ptirust  in  fol- 
lowing an  obsolete  and  wasteful  system. 

We  will  introduce  the  most  improved  method  that  has  been,  or  which  can  be,  adopted 
on  this  principle,  before  we  discuss  the  improvements  required  by  the  present  wants 
of  the  anthracite  miners. 


"  RUN,"  WITH  FAN  VENTILATION. 

In  the  plan  presented  on  next  page,  we  have  given  that  which  Is  known  as  the  "run," 
but  do  not  confine  our  description  of  the  plan  to  this  mode,  since  it  is  susceptible  of 
much  modification.  The  "run"  can  be  used  to  advantage  only  when  the  seams  are 
comparatively  large,  the  dip  40®  or  over,  and  the  top  slate  or  rock  firm  and  solid:  when 
all  these  favorable  conditions  exist,  it  is  the  cheapest  mode  known  of  mining  coal. 

There  are  two  or  three  methods  in  use.  The  one  represented  has  "travolling-ways"  or 
aifHXturses  up  each  side  of  the  breast,  which  is  30  feet  wide.  These  are  kept  open  for 
the  passage  of  the  miners  and  the  passage  of  the  air.  They  are  secured  by  leaning 
timbers  against  the  pillars,  or  by  propping  up  the  top  coals  and  making  a  passage  in  the 
bottom  portion  of  the  seam. 

The  coal  is  blasted  with  powder  from  ihe  face  of  the  breast,— of^n  in  immense 
masses  when  the  seam  is  large,  as  in  the  case  of  the  Mammoth, — and  falls  into  the 
body  of  the  breast  below,  where  it  is  broken  into  convenient  sizes,  and  is  then  ready 
for  the  "loaders,"  who  draw  it  as  required  into  the  cars,  which  stand  on  the  railroad  in 
the  main  gangway. 

The  coal  when  broken  occupies  double  the  space  it  does  in  the  solid:  therefore,  as  the 
miner  progresses  with  his  work,  over  one-half  the  coal  must  be  drawn  from  the  breast 
in  order  to  give  him  room  to  work ;  the  remainder  is  left  in  the  breast,  to  fill  up  the 
yawning  gulf  which  otherwise  would  exist  below  him. 
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Thii  m«t1iod,  known  u  the  "ran,"  ia  the  cheapest  and  >itnple«t  known;  bat,  u 
before  said,  it  ean  be  asetl  only  uadcr  ceriun  condition*.  If  tbe  dip  is  not  fttep 
eaoagbfit  will  not  ran;  ur  if  the  ruut' — tup  elate — is  roltea  and  weak,  it  will  ftll  among 
tbe  coal  and  min  iia  luarkeiBblv  ijualiiien.  Uuder  »uch  circnmstaDcea,  tbe  mode  of 
mining  adopted  is  Himilar  to  timt  dei'i.'ribvd  in  ptiui  5,  of  which,  la  fact,  this  ia  nearly  a 
vupy.  Tbe  coal  ia  then  tliruwn  into  the  chutes,  which,  when  not  nsed  for  tbe  porpme 
I'f  sliding  down  the  coal,  are  called  traTelling-waja.  The  apace  between  tbe  ahntes 
which  is  tilled  with  coul  wlicn  worked  aa  rana,  is  in  thii  plan  open  and  daagetoo^ 


or  partially  Gllcd  with  leanlc  coul,  foiling  slatCB,  and  buln-arks,  or  "1)attfTie«**of  t»ba. 
In  both  modes  the  air-coureCii  or  poBsape-waja  arc  oftpn  carried  through  the  middkef 
the  pillars,  nnd  hettdiii(t«  driTen  occaeionaJlj,  aa  required,  from  one  breast  to  theothr. 

In  the  plan  preBonted,  the  air  circniotpjt  up  ore  side  of  tho  bmuit  and  dofni  lla 
other.  It  would  perhapa  bo  equally  aTailnble  to  lake  it  up  vno  Vreast  and  down  At 
other,  or  to  carry  it  along  the  fatvg  from  one  to  the  other.  In  this  lant  mode,  tlWitf 
aecenda  the  inside  breast,  pnwes  throngh  "headings''  in  llic  pillars  to  tbe  su«e8«£B( 
ontaide  breast*,  nnd  descends  the  Inst  outside  one  to  the  return  ftir-courBe_^ 

The  inlet  air-course  e,  below  tho  gangway  d,  may  be  disjiensed  with,  nnd  t&(  ih 
taken  through  tho  gangway  d  to  o  point  near  its  f<wf,  nnd  then  pn'«sed  up  tbe  insidi 
sluKe,  a.a  shown  in  the  cnErnvin;;.  to  the  iii^ido  breast  i.  Ti  may  thi?n  oirrutnlc  Dp  uJ 
down  the  breaata  alternately,  or  traTeme  the  fare  of  each  hreaat,  and  descend  the  eat- 
aide  one  to  the  rotnm  air^ourse/*.  This  ia  renUlated  by  a  fan,  c,  near  tbe  top  of  tie 
upcast  slope  C,  and  may  be  supplied  with  more  air  than  is  required  for  TentilstiHi: 
therefore  there  is  a  surplus,  and  the  ahutea  may  be  Tenfilated  by  "  escapss"  when  de- 
aired,  prorided  tbe  mode  of  "  aweeping"  the  face  of  tbe  works  >■  adopted.  Tbta  plso  ii 
perhaps  the  best  in  use,  since  the  distance  to  be  trsTeraed  la  lees  than  in  other  esse*; 
but  it  IB  still  liable  to  some  of  the  serious  objections  adranced  against  nearly  siailir 
modes  in  considering  the  plans  presented  on  page  41G,  while  the  objections  to  the  wsiM 
of  coal  in  pillars  remain  unchanged. 

Having  thna  briefly  described  the  modes  of  mining  and  Tentilation  generally  in  ut 
in  the  anthracite  ooal-fielils,  and  to  a  great  extent,  also,  in  most  of  onr  bitiuniiKiua  tdii, 
we  now  Tontnre  to  present  a  modification  of  the  English  ajitrau,  as  adj^tsbla  to  tti 
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peculiar  snthncite  formations;  ood  if  ve  auooeed  in  pnMntiiig  them  alearlj  and  com- 
|a«heniiTel;,  we  have  uo  doubt  of  B  favorable  result,  uuce  the  impivvenienl  must  be 
apparent  to  the  mind  of  every  piautieal  miuer. 

BOUNDARY   SYSTEM   0?   MINING   AHD   VENTILATION. 

All  will  admit  that  the  beat  mode  of  mining  coal,  and  the  moet  eoonomical  eventn&llj, 
i«  tu  extend  the  workings,  main  avenuea,  and  aii-eounee,  to  the  extent  of  the  "rtin," 
or  buandarr  of  the  mine,  and  tben  wurk  out  all  the  coal  in  letuming,  b;  the  "long 
wall,"  "breast  and  pillar,"  or  "chamber  aad  car"  modes  of  uiining. 

The  azpenae  aod  time  neccssarj  to.varry  into  effect  this  mode  aie  its  great  and 
•eriooa  otyeotions,  and,  in  this  countrj,  maj  be  considered  effectual  bars  agiunst  its 
adoption.  It  Is  in  nse  in  some  of  the  English  collieries,  in  Lancashire :  but  in  the 
pna  Newcastle  coal-field — the  oldest  and  best-dcvelopod  in  Great  Britain — it  is  hnt 
tmnlj,  if  ever,  in  use,  partly  owing  to  the  same  objections,  but  mainlj  because  the 
^■tBin  there  generally  in  use  preecuto  uU  the  benefits  of  the  boundary  system,  as 
adopted  naar  Monuhcptor  and  elsewhere,  end  mine  of  its  ol>jections;  and  a  modificatioa 
wl  tUl  ajatAin  to  suit  the  peculiarities  of  our  formatiims  in  the  anthracite  regions  wo 
wiw  (Bieent.  But  we  would  here  remark  that  the  two  plans  presented  embrace  every 
IT  of  dip,  and  nuty  be  adopted  in  horiiontal  as  well  as  pitching  BeauiH ;  ur  the 
"  of  any  mine  can  be  changed  to  this  plan  with  benefit  to  ventilation  and 

Tba'ploD  presented  in  figure  142  is  designed  for  pitching  seams, — eay  oTer  30°, — bnt 


may  be  used  for  all  seams  which  are  steep  pnnuf;h  fur  the  coal  to  run  down  the  incline 
of  the  bottom  slates  without  rehandling.  All  seams  which  do  not  admit  of  this  Rhould 
b«  worked  hy  the  plan  represented  in  (\guTe  144.  This  plan  is  equally  applicntile  to 
■haft,  slope,  tunnel,  or  drift,  above  or  below  water-level :  in  fact,  these  considerations  do 
not  alfpct  in  any  dejn'ec  the  mode  proponed.  We  here  present  the  slope  method,  as  that 
is  generally  more  applicable  to  sleep-dipping  seams  than  to  those  of  low  angles. 

The  plan  represents  the  second  "lift."  showing  the  upper  lift  "worked  out."  In  this 
■design  we  preiient  only  enou;^h  of  tlie  mine — say  lUOO  yards  on  one  side  of  the  slope — 
to  convey  on  impression  of  tlie  plan  pmposed. 
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The  ibpe  wid  downcut  ui~coune  mn  rcpnieoted  bj  c,  uid  the  upewt  m 
pump-wnj  b;  d.  The  gmngwaj  and  inlet  airHXHine  ia  a,  and  the  retnm  aii>ooane  k  b. 
The  breuta  ut  marked  e,  and  Ui«  counaa  uf  the  air  denoted  by  »m>wa.  The  breaiti 
commtuiicate  with  the  gaiigiTB<r  b;  meMiB  of  ahutea,  which  maj  be  one  or  two  to  tact 
braOBt.  To  tbia  point  there  ia  do  change  frui*  the  ordinarr  methiMle  now  in  nie,  wbid 
are  as  aimple  and  effective  aa  can  be  deaireJ.  Bui,  in  order  to  perfect  the  Tcutilalioa 
aad  aecurc  the  pillars  from  wa»lo,  we  have  laid  out  the  mine  in  bogkdakiu,  which  tMj 
be  in  smnll  or  large  prDportlona,  aa  the  extent  of  the  mine  or  character  of  the  ■«■■ 
maj  Huggent.  We  propoM  to  make  each  boundar;  500  jarda  in  linigth,  by  the  ftaU 
breadth  of  the  lift,— eay  from  200  to  3D0  feet,  or  more  if  found  conveuienL  Tkt 
iKiundarj  pillars  must  be  larger  than  ordinarjr,  and  of  anffioient  strength  to  resiat  bbj 
preasure  thut  might  result  from  the  eicavation  of  the  coal  within  the  entire  area,  or 
60,000  square  jarda  of  the  boiindarj. 

Nua.  1  and  2  represent  two  worked-out  bouodaries  on  the  upper  level ;  No.  3,  ene  tf 
the  boundaries  of  the  lower  level.  The  prinripal  object  in  laving  ODt  the  mine  into 
buundariea  is  twofold:  first,  to  secure  all  thn  coal  that  is  possible  under  MDj  dre«a- 
•tance  or  by  whatever  method  may  be  adopted,  and  to  obtain  it  withont  injnry  to  tki 
pormaoent  working  of  the  mine,  and  without  waiting  for  the  nsual  "rubbing"  of  iba 
pillars.  Second,  to  divide  the  air  into  separate  culumna  and  courae  it  throng  CMh 
boundary  and  into  the  return  aiiMiourse  withtmt  carrying  it  through  other  poctioaa  rf 
the  mine.  These  two  great  objecta  are  accompliahed  by  thia  aimple  method  williail 
increasing  the  coat  of  original  investment  or  the  length  of  time  reqnired  in  apening  M 
a  colliery. 

It  will  be  observed  that  No.  4  may  be  under  way  at  the  aanw  lime  with  So.  3;  tt 

No.  3  may  bo  exhausted  without  leaving  a  pillar,  and  yet  no  iiyury  result  to  No.  4.    b 

bet,  the  extraction  of  coal  from  a  boundary  of  auch  couaiderable  extent  relinea  th* 

weight  or  preasure  from  the  sunounding  ooal  by  bringing  down  the  supMincwDbnl 

■trala  over  ita  immediate  area,  and  thus  letting  down  a  certain  amount  of  pnamut,  vkM 

would  otherwise  bear  on  the  whole  of  the  mine.    In  principle  and  sffvot  it  ia  tb«  mm 

M  that  followed  and  recommended  by  the  beat  mining  engineers;  that  ia,  tha  oponig 

of  the  mine  to  ita  limits  or  main  boundaries  and  eztrscting  the  coal  in  withdmwfaig  ■ 

"  working  bock."    The  only  difTercnce  is  that  we  lay  out  an  extensive  nuns  in  aavcnl 

boundaries  inatead  of  one  boundary,  and  effect  the  same  ends  with  leas  time  and  azpenH. 

In  a  distance  of  one  mile, — which  is  an  ordinary  run  on  each  side  of  the  slope  b  cat 

large  collieries, — four  boundaries  may  be  laid  off,  and  the  first  entirely  worked  cat 

before  the  last  is  started,  including  iht  pillars  of  the  upper  level,  which  can  be  of  an 

value   whatever  after  the   excavation   of  tha  ead 

Fig.  143.  below  them,  except  for  the  purpose  of  k0q)ing  ip 

the  water,  which  may  be  effeotnallj  done^  at  amall 

expeuae,  by  the  mode  represented  in  figure  143. 

This  is  an  adit  or  drain  cut  partially  is  the  bottv 
slate  in  the  gangway  of  the  upper  level,  and  aeewelT 
timbered  or  arrhed  before  the  withdrawal  of  tbt 
upper-level  pillars.  This  drain,  being  amall — abaot 
3X4  feet— and  made  seoare  with  the  nfbit 
timber  of  the  upper-level  gangway,  will  terist  all 
pressure  that  will  be  brought  upon  it  on  the  extiae- 
tton  of  the  pillars,  since  the  weight  will  be  evenly  distributed  on  the  falling  of  tbs 
roof  and  the  entire  subsidence  of  tho  boundary.  But,  even  if  thia  plan  wax  not  adopted, 
it  would  lie  economy  to  pump  the  water  of  the  uppi>r  level  from  the  lower  one,  ratker 
than  leave  so  much  available  and  valuable  ci>nl  to  waste. 
The  plan  of  ventilation  suggested  in  tho  plan  here  proposed  ia  aimple  and  effeetite. 
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Each  boundary  is  complete  in  itself,  and  supplied  with  a  column  of  pure  air  from  the 
main  gangway  or  inlet  air-course;  these  currents  sweep  the  face  of  each  breast, 
paMing  in  the  nearest  and  most  direct  way  to  the  return  aiiHX>urse,  and  thus  reaching 
fthe  upcast  shafl,  or  slope,  without  mixing  their  impurities  with  any  other  portion  of 
Ihe  mine.  The  number  of  boundaries  at  work  at  the  same  time  would  not  affect  this 
arrangement:  each  one  receives  its  column  of  fresh  air,  and  empties  its  impurities 
into  the  return  air-course,  which  does  not  pass  into  any  part  of  the  working  portions 
of  the  mine. 

In  this  respect,  the  plan  may  be  illustrated  by  the  drainage  of  a  city.  Each  street 
and  house  has  its  respective  channels  communicating  with  the  main  ones,  and  the 
sewerage  from  each  house  passes  away  without  injury  to  its  neighbor.  But  in  the 
systems  of  ventilation  hitherto  in  use  in  our  anthracite  mines,  the  impurities  of  one 
ebamber  pass  into  the  next  throughout  the  entire  mine;  and  no  matter  how  thorough 
the  Tentilation  may  be,  it  is  more  or  less  defective  in  this  respect. 

But  the  benefits  resulting  from  the  plan  here  proposed  are  numerous,  and  none  is  of 
Ian  importance  than  the  one  mentioned. 

FkBST. — ^The  mode  of  dividing  or  splitting  the  air  relieres  the  tension  of  the  column, 
■ad  the  power  required  to  propel  it.  Instead  of  dragging  the  entire  column  through  all 
tiM  intricacies  of  the  mine,  a  portion  of  the  weight  and  friction  is  relieved  at  each 
boondarj.  We  think  this  so  manifest  that  further  proof  will  not  be  needed.  It  is 
fimnd  to  work  so  well  in  the  English  mines  that  **  splitting  the  ur"  is  now  a  permanent 
part  of  their  system. 

SfeooiTD. — ^The  danger  from  gases  and  the  resulting  explosions  is  rendered  far  less 
fauainantp  and  accidents  are  confined  to  their  own  locality ;  the  operations  of  the  mine 
are  not  materially  affected,  nor  the  lives  of  all  the  workmen  endangered,  as  by  the  old 
qnftein,  with  the  "afler-damp.'^ 

Tbiid. — The  air  traverses  comparatively  short  distances,  "sweeping''  each  face  with 
Its  freah  onrrents,  and  depositing  its  impurities  in  the  common  return  aiiHSOurse,  without 
carrying  its  obnoxious  vapors  into  other  working  portions  of  the  mine. 

The  realization  of  these  desirable  improvements  in  our  ventilation  would  not  only 
■ecnre  the  results  specified,  but  the  benefits  to  follow  are  of  more  consequence,  in  the 
■erarity  to  life  and  health  and  the  saving  to  capital  and  property. 

Bat  the  improvements  are  not  confined  to  the  ventilation :  the  mode  and  plans  pro- 
posed insure  economy  in  the  mining  of  coal,  not  only  in  the  cost  of  digging  it,  but  in 
the  great  items  of  dead  loss  by  waste  in  pillars,  &o, 

FimsT. — It  enables  the  miner  to  develop  his  mine  by  the  earliest  and  best  method 
known,  and,  consequently,  to  realize  profit  from  investments  in  the  shortest  time  possible 
eonsistent  with  permanence  and  order. 

Sbcoxd. — It  sccurcH  labor  at  loss  cost,  and  an  increase  of  work  from  a  given  number 
of  hands,  from  the  fact  that  pure  air  is  supplied  in  abundance,  and  that  there  is  less 
danger  to  life  from  explosion  and  foul  air. 

Third. — ^The  amount  of  coal  obtained  from  a  given  area  is  increased  by  nearly  one- 
third,  without  additional  expenses  in  **dead  work/'  or  original  expenditure,  or  the  ordi- 
nary expenses  of  the  draina;^o  and  superintendence  of  a  colliery ;  thus  benefiting  the 
landed  proprietors  largely,  and  the  o[)erators  or  miners  perhaps  not  less. 

We  think  the  preceding;  explanation,  with  the  aid  of  the  engraving  or  plan,  will 
enable  most  of  our  practical  readers  to  comprehend  the  plans  proposed,  and  the  im- 
provements therein  presented.  It  will  be  very  difficult  for  the  inexperienced  to  follow 
ns  intelligently,  since  no  subject  is  more  abstruse  and  intricate  than  that  of  mine-venti- 
lation and  economic  mining.  We  have  met  people  who  had  not  the  first  idea  of  scientific 
mining,  who  assumed  it  to  be  a  simple  matter,  and,  as  recently  stated  in  a  prominent 
'* guide-book,"  "only  digging  a  hole  in  the  ground;''  but  those  who  know  most  about  it, 
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aod  hsve  bad  moat  experience  with  ^itniiiTe  tniues  uid  ezplonn  g»m,  fainr  it  to  bt 
a>  difficult  a  buiinesi  ma  men  cao  engage  in,  and  ona  of  the  IsMt  nndezrtood. 


EOCSDART  SYSTEM  IS  FLAT  SEAMS. 

In  this  plan  He  preMDt  tbe  buniidarr  ajncxa  &■  applied  to  flat  aeama  and  tboM 
under  30°  of  dip,  or  up  tu  tbe  point  at  wbicb  coal  will  itide  bj  graTi^  down  tbe  iocliu* 
of  the  buttum  (late. 

As  tbe  former  is  dengned  for  pitching  Kams  where  the  coal  ia  ran  in  ibutcs  idId  tbi 
cars  in  the  gangway-,  this  u  designed  foi  teaxu  where  the  cars  moat  follow  the  cuner, 
or  whore  the  seanui  of  cool  are  not  steep  enough  to  admit  of  Uie  use  of  ehntea. 

The  plan  here  presented  disptajs  the  shaft. inetoad  of  the  slope  mode,  since  mwl 

FiQ.  !«. 


horizontal  seanm  exist  in  comparatively  ihallow  tiaslns,  and  can  be  reached  bj^iift 
with  economy,  and  drained  and  vrorke<l  with  more  availability  by  tbe  latter  than  th« 
former  modo.  The  main  (tongway,  or  inlet  air-course,  leading  from  the  downcafi  dift, 
ii  a,  and  the  return  air-oourse  is  b;  c  is  the  branch  gangway,  at  right  snglc*  witb  tltt 
main  one,  and  between  the  boundaries,  or  in  the  boundary  or  "barrier"  pillar.  R"* 
e  the  chambers  d,  d,  are  turned  at  right  angles  to  the  branch  gangway,  and  pstalldiriA 
the  main  gangway. 

The  chambers  are  nurked  onward  t 
the  bouDdary.  and,  when  lt>gcther,  the 
HTailable  coal  extracted,  leaving  the  boundary  " 
ittHtA  on  the  Qoor  of  the  seani. 

We  have  only  given  a  view  of  the  first  ends  of  two  boundaries, — the  first  liliely  to  U 
opened  in  a  mine  after  sinking  the  shaft.  It  will  bo  noticed  that  a  mine  cs.n  be  ajtofi 
and  put  in  active  and  productive  condition  by  this  method  sooner  than  by  any  otbtf: 
and  that  a  large  force  of  miners  can  be  put  at  work  in  a  shorter  time  than  by  but  if 
the  old  methods. 

When  the  ^leamx  are  horizontal,  the  cars  can  be  moved  to  all  parts  of  the  miiK  ij 
hiirsea  ;  liul  when  the  dip  is  nver  10°,  gravity  inclines  muBt  1-e  used  in  the  branch  prp 
way»,  with  a  drum  and  endless  chain,  or  some  other  mechanical  arrangement  to  U^ 


t  those  advancing  from  the  opposite  n'd*«f 
silhdrawing''  proccea  ia  commnur^.  and  all  ikt 
orked  out,''  and  the  supenncanitital 
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the  ears  np  the  incline.  •  There  are  several  plans  in  nse  for  this  purpose,  all  of  which 
are  applicahle,  and  work  rapidly  and  effectively. 

By  this  mode,  a  seam  of  almost  any  dip  can  be  mined  nnder  40'',  and  even  above  that, 
if  desirable ;  but  when  the  dip  is  steep  enough  the  former  mode  is  the  most  effective. 
When  the  seam  is  nearly  flat,  it  may  be  best  to  carry  the  railroad  in  the  middle  of  the 
chamber ;  but  when  the  dip  is  considerable,  it  is  best  on  the  dip  side,  against  the  pillar, 
and  parallel  with  it^  on  account  of  the  drainage  of  water  and  the  handling  of  the  coal. 
The  inequalities  of  the  dip  do  not  affect  this  mode  of  mining,  and  confusion  and  dis- 
order are  alm^pt  impossible. 

The  seam  may  change  from  the  horizontal  to  an  inclination  of  30^  in  a  short  distance, 
without  materially  affecting  the  order  and  plans  of  the  respecUve  boundary  workings, 
since  each  is  distinct  and  separate  from  the  other.  The  boundaries  may  be  small  or 
large,  as  existing  circumstances  may  dictate ;  but  we  would  recommend  500  yards  as 
about  the  proper  length,  parallel  with  the  main  gangway.  The  breadth  may  be  equal 
or  greater  than  the  length  along  the  main  avenue,  but  it  should  not  be  much,  if  any, 
over  a  square.  If  the  extent  of  the  property  in  the  same  basin  is  extremely  wide,  then 
the  pillars  between  the  boundaries  should  be  large  and  strong,  and  several  boundaries 
laid  out  along  the  branch  gangways,  and  of  course  the  barrier  pillars  left  until  the  most 
distant  side  boundary  is  exhausted,  and  the  withdrawal  commenced  at  the  **  far  end." 
This  would  not  often  happen  in  the  anthracite  region ;  but  in  the  bituminous,  where 
the  seams  are  nearly  horizontal,  it  might  be  frequent  and  difficult  to  determine  in 
which  direction  the  main  avenues  should  with  most  propriety  be  carried.  But  in  any 
case  of  the  kind  the  mode  proposed  is  the  only  one  available  under  all  circumstances, 
and  which  may  be  carried  to  any  extent  without  difficulty  or  derangement.  The  coal 
may  be  extracted  entirely,  or  with  but  little  loss,  in  large  boundaries,  and  the  super- 
incumbent strata  let  gently  down  without  danger  to  the  remainder  of  the  mine. 

The  ventilation  by  this  mode  is  simple,  and  each  end  of  every  boundary  is  coursed 
by  a  separate  and  distinct  current  of  fresh  air,  which  sweeps  the  faces  of  the  breasts 
and  takes  the  nearest  and  most  direct  way  to  the  return  air-course.  The  obnoxious 
gases  are  not  carried  into  other  portions  of  the  mine.  If  explosive  gases  occur,  they 
are  swept  away  at  once  and  hurried  off  before  they  can  become  dangerous ;  nor  are 
they  carried,  as  in  the  old  system,  from  lamp  to  lamp  and  breast  to  breast  through  the 
entire  mine  before  they  find  an  exit,  but  enter  the  return  airoourse  from  each  set  of 
breasts.    This  not  only  insures  life,  but  health  and  general  safety. 

Two  shafts  are  better  than  one  to  secure  perfect  ventilation  in  deep  mines ;  but  if  one 
is  carefully  divided,  so  as  to  prevent  the  air  from  passing  through  the  casing,  a  large 
single  shaft  will  answer  the  purpose.  The  engraving  with  which  we  illustrate  this 
mode  of  mining  and  ventilation  displays  a  large  divided  shaft  The  air  passes  down 
the  dip  side  and  enters  the  main  gangway  a,  along  which  it  passes  to  the  branch  or 
"  barrier"  gangway  c,  which  part  of  the  air  enters,  this  being  Uie  first  split.  The  cur- 
rent continues  up  the  branch  gangway  to  the  upper  breast.  Here  it  again  splits,  and 
turns  into  the  right  and  left  hand  boundaries,  as  indicated  by  the  arrows.  It  sweeps 
down  the  face  of  the  breasts  or  chambers  in  each  boundary,  and  enters  the  return  air- 
course  below  the  lower  breast. 

The  mine  may  be  divided  into  any  number  of  boundaries  desired,  either  small  or 
large,  to  suit  the  character  of  the  dips  and  undulations  of  the  seam,  and  this  principle 
of  ventilation  and  mining  be  retained. 

The  only  objection  that  could  possibly  be  made  to  this  system  is  the  use  of  inclined 
planes;  but  when  we  consider  that  inclines  are  not  required  except  in  a  pitching  seam, 
and  that  such  a  seam  cannot  be  worked  without  inclines,  we  cannot  see  how  that  objec- 
tion will  hold.  In  the  old  modes,  every  breast  becomes  an  incline  in  pitching  seams, 
and  when  the  cars  are  taken  after  the  miner  this  difficulty  exists,    llie  cars  may  be 
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drawn  bj  honct ;  but  it  if  both  dangefoiis  and  difficult  to  oonTey  the  oan  down  tkt 
inclines  from  earh  breast  A  single  incline  between  each  bonndary  anawen  a  msdi 
better  purpose,  and  can  be  operated  with  much  more  rapidity  and  safety. 

We  hope  these  impruTed  systems  have  been  practically  presented,  and  that  the  pku 
will  be  clearly  comprehended,  since  they  require  only  to  be  understood  properlj  to  bt 
appreciated. 


Nora.— Id  ftDother  part  of  this  work  w»  ealled  •ttanUoii  to  tho  Ihct  that  the  ^wteit  put  of  oar ; 
d«fetiou of  10,000.000  tons  of  auUuBcito  per  aaoam  is  otyteioad  IWmii  a  dnf le  mmn,  or  tho  Mammoth;  aad  pokifi 
w  may  b«  hJW  in  nuting  that  9.000,000  tons  par  aumm  are  obtained  flnom  this  aoitroait  or,  inclndim  the  l«a 
waete  and  pillar,  not  lee*  than  13,500,000. 

Title  eeani  is  now  nearly  exhaosted  abore  waterterd,  and  It  la  knowii  to  de|ff«eiat«  belov.  The  laamm  ff 
the  coal-trade  ie  about  6  p«r  cent  p«r  aanom,  and  wfll  doable  Itaelf  erery  90  yean.  Wrom  tUm  w  mv  Mi^ 
ealcolate  the  ezhaoetion  of  our  great  team  at  aTailable  d^tha,  and  the  iiff*  loan  wa  maj  aaataia  bf  j^at 
tirinf  oar  preeent  waetefal  tTitero  of  mining,  dnce  we  may  eafely  eetimate  SO  per  cant,  aa  Ioh,  off  wUeh  II  jm 
eeot.  may  be  eared  by  th«  mode  abore  preeentad. 
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CHAPTER   XXIII. 

SCIENTIFIC  AND  PRACnCAL  MINING. 

OAlled  to  the  Aid  of  the  Miner— The  Engineer  of  Ifinee — What  it  to  be  accomplished— The  Petersborf 
Mine— Dwnming  the  Rapids  of  Red  RiTer— Practical  KUning— **  Pillar  and  Stair—"  Board  and  WaU"— "  Long^ 
Wall**— Uied  at  JNoeeborg— Lon9>Wall  Advancing— Long- Wall  Withdrawing  or  Working  Back— Gompariaon  with 
Board  and  Wall — The  AdTantagee  to  be  derived  fh>ra  a  Perfect  Syitem  of  Mining  and  Vontilation — Ventilation  of 
Minee— Natural  Ventilation— Fomace-Tentilation— Mechanical  Tentilation— English  Ezperimente— Waterfalla 
and  Steam^eta— Mine  Qaaea  and  Vapore— Light  Carburetted  Hydrogen— Heary  Carburetted  Hydrogen— Naph- 
tha»— Petroletun — Bftine  Gas  as  a  Ventilator— Vapor  in  Mines— The  Safety-Lamp— Stephenson — Davy — Dr.  Clanney 
^-Mining  Coal*— Under>Mining— Blasting— Anthracite  Mlnee— Bituminoos  Mines    Coal-catting  Machinery. 

Scientific  mining  and  practical  mining  may  be  said  to  be  almost  synonymous  terms. 
But  the  application  of  science  and  the  higher  intelligences  to  the  practical  and  experi- 
mental part  of  mining  has  enabled  the  miner  to  penetrate  two  thousand  feet  into  the 
bowels  of  the  earth  and  dig  up  the  mineral  wealth  hidden  by  Nature  in  those  deep 
recesses.  There  were  many  difficulties  to  contend  with,  which  the  simple  miner  could 
not  overcome  with  his  strength  or  his  experience,  and  which  defied  his  utmost  exer- 
tions until  Watts  brought  his  steam-engine  to  raise  the  coal  and  pump  the  water  from 
the  accumulating  depths.  But  fresh  difficulties  were  constantly  arising,  which  were 
met  and  overcome  by  Davy,  Stephenson,  Wood,  and  others,  who  brought  science  to 
their  aid. 

The  engineer  of  to-day  finds  no  more  difficult  task  to  encounter  than  the  proper  and 
judicious  planning  of  deep  mines.  In  the  intricate  formations  of  the  Pennsylvania 
anthracite  mines  the  instances  of  failure  are  more  numerous  than  those  of  success. 

Something  more  than  simple  civil  engineering  is  required  of  the  "engineer  of 
mines."  He  must  be  geologist  enough  to  comprehend  the  lithological  structure  of  the 
measures  he  would  penetrate,  in  order  to  approximate  the  cost  of  sinking  and  see  justice 
done  by  and  to  the  workmen.  The  form  and  undulations  of  the  hidden  beds  of  coal 
must  be  unfolded  on  paper,  and  the  design  of  the  mine-working  should  be  mapped, 
before  the  coal  is  struck  or  even  the  shaft  begun ;  since  it  cannot  be  properly  located 
until  the  undulations  are  approximately  marked  and  the  axis  of  formation  determined. 
To  effect  the  purposes  of  drainage  and  ventilation,  the  depth  and  character  of  the  coal- 
basin  should  be  generally  known.  The  principles  of  mechanics,  hydrostatics,  and 
pneumatics  are  brought  into  requisition  in  deep  mining;  and  no  one  not  conversant  with 
those  branches  of  science  can  successfully  engineer  and  manage  the  great  collieries 
which  the  future  demands  of  the  coal-trade  will  require  in  the  deep  basins  of  the 
anthracite  regions. 

The  want  of  educated  mining  engineers—practically  educated — is  now  seriously  felt, 
though  not  appreciated.  Waste  surrounds  us  on  all  sides.  Our  coal-beds  are  so  magni- 
ficent and  our  coal-fields  so  extensive  that  the  waste  is  not  now  noticed,  though  it 
cannot  fail  to  be  felt  in  the  future.  If  we  could  see  the  millions  of  dollars  annually 
wasted,  instead  of  the  tons  of  coal  which  are  annually  buried  from  view  and  paM 
reoovery,  we  should  then  begin  to^appreciate  the  want  of  skill  and  improvement,  and 
the  value  of  the  engineering  profession. 

Under  scientific  mining  we  may  include  the  application  of  the  arts  and  sciences  to  all 
the  practical  operations  of  the  mine, — the  use  of  the  steam-engine  in  place  of  the 
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'*  {MDDier-women"  who  formerlT  carried  the  coal  to  the  sarface  on  their  backi,  and  the 
application  of  heat  or  mechanical  force  to  ventilate  the  mine. 

In  penetrating  the  earth  1000  feet,  and  excarating  ooal-beda  from  under  ■Tiim*"*^ 
mountains,  whoee  weight  we  can  scarcely  estimate,  something  more  than  mere  force  it 
necessary.  It  is  not  merely  the  question  of  ohtaining  the  coal,  or  of  keeping  ap  the  mom- 
tain,  but  one  of  profit  and  lo6s,  that  must  be  considered.  An  immense  outlay  of  capital  is 
first  required :  and,  in  order  tu  return  a  reasonable  interest  on  the  same,  the  coal  most  be 
obtained  tm  cheaply  as  it  conld  be  dug  fmm  open  quarries,  and  the  operation  most  con- 
tinue for  a  Ion;;  period  in  order  to  return  the  investment  with  the  interest.  Order  and 
sTiitem  must  l^e  maintained  through  many  miles  of  under-ground  mads  and  air^ooncs, 
notwithstanding  the  irregularities  of  the  coal-seams  and  th^  unforeseen  changes  of  dipb 
of  size,  and  of  coal.  One  thousand  tuns  of  coal  per  day,  or  30,000  cabic  feet  may  be 
dug  from  beneath  the  superincuml>ent  mountains,  and  yet  the  hundreds  of  men  most  M 
safe  beneath  tlic  mighty  mass.  This  vast  quantity  of  coal  must  pass  through  the  mine^ 
— sometimes  tliruugh  miles  of  subterranean  passages, — and  be  hauled  to  the  enrfiue,  op 
the  long  ascent  of  a  thousand  feet,  day  after  day,  without  intermission.  At  the  saoe 
time,  nearly  1.0i'H),000  gallon*}  of  water  must  be  made  inflow  up  from  this  great de^Kb 
t'  f.nd  it8  way  to  the  sea^  and  over  10<),0<n\000  feet  of  atmospheric  air  must  bemak 
to  circulate  thruu;;h  tlie  dim  avenues  and  workings  of  the  extensive  mine.  All  tlui 
must  be  done  by  scientific  and  mechanical  means.  There  must  be  no  bungling  nor 
mistakes ;  for  the  lives  of  hundreds  of  human  beings,  and  perhaps  the  saving  of  hnndredi 
of  thousands  of  dollars,  depend  on  the  labors  of  the  engineer.  If  the  ooal  is  not  dag 
almost  as  cheaply  as  the  dirt  or  earth  can  be  moved  from  the  surfece,  and  in  large  qu^ 
titics,  the  whole  thing  is  a  failure :  fortune,  time,  labor,  all  are  spent  in  vain.  If  the 
vast  stream  of  water  is  not  kept  steadily  flowing  up  the  deep  shaft,  the  mine  and 
all  below  is  flooded ;  and  if  the  air-currents  are  suspended  only  for  a  short  time,  tiie 
rapidly-accumulating  gases  endanger  both  life  and  property. 

Therefore  we  say  the  profession  of  the  engineer  of  mines  is  the  most  diilicalt  aid 
responsible  in  the  engineering  line.  The  feat  of  Col.  Pleasants  in  mining  the  reUI 
fort  at  Petersburg — though  a  trifle  when  compared  with  the  design  and  executioo  of 
deep  coal-mines — was  equal  to  that  of  Col.  Bailey  in  damming  the  rapids  of  the  Red 
River.  The  accomplishments,  however,  neces^ary  to  complete  the  education  of  ai 
efficient  engineer  of  mines  cannot  be  learned  from  books  or  in  schools;  for,  wiA 
all  the  learning  that  science  can  impart,  or  that  can  be  acquired  in  the  most  perM 
mining  colleges  of  Europe,  the  engineer  is  lamentably  deficient  and  incaptbh 
without  the  experimental  and  practical  part  that  can  only  be  acquired  at  Iks 
mines. 

With  the  same  means,  and  under  the  same  conditions  of  natural  advantai^es,  we  lad 
one  mine  successful  and  another  a  failure,  as  far  as  the  chief  object — profit — uooncemedL 
The  deeper  our  mines  descend,  and  the  more  the  coal-trade  increases,  the  more  will  be 
felt  the  want  of  properly-e<lucated  mining  engineers.  In  no  mining  re^on  within  oar 
experience  is  this  want  felt  and  this  knowledge  required  more  than  in  the  anthnciti 
field.s  of  Pennsylvania,  where  the  great  mass  of  the  coal  not  (.nly  lies  deep,  but  if  noil 
intricately  and  irregularly  doposite*!. 

Most  of  the  English  coal-fields,  like  our  Western  coal-fields,  are  compazmtiTdj  iiofli' 
in  their  under^ground  arrangement,  and  established  rules  and  plans  maj  genoaQj  be 
adopted :  one  colliery  and  all  its  avenues  and  chambers  may  be  the  duplicate  of 
another,  and  the  same  system  may  be  universal  thrt>ughout  a  district  or  a  ooal-fid^ 
But  here  it  is  rare  indeed  to  find  two  collieries  alike,  or  two  sets  of  plans  nmilar: 
therefore  the  skill  and  talent  found  necessary  to  eonduct  successfully  the  EagfiA 
mines  are  still  more  required  in  the  Pennsylvania  anthracite  mines;  and  yet  we  are 
far  behind  the  English  mines  in  our  mining  economy.    In  the  manufacture  and  appli* 
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Cation  of  mining  machinery,  howeyer,  we  are  up  to  the  times,  and  behind  no  other 
mining  region,  though  but  few  of  our  colliery  establishments  are  planned  and  erected 
on  the  most  improved  principles.  The  great  defect  of  our  mining  economy  lies  in  our 
miserable  and  bungling  system ;  and,  since  the  whole  depends  on  this,  it  is  the  &:8t 
subject  that  should  receiye  our  attention. 

PRACTICAL  MINING. 

The  first  mode  of  working  ooal  in  the  early  days  of  mining,  or  from  the  first  intro- 
duction of  system  in  under-ground  mines,  was  by  **  post  and  stall,"  or  '*  pillar  and 
breast,"  as  now  practised  in  this  country  generally.  The  plan  is  to  get  as  much  coal 
as  possible,  leaying  just  sufficient  pillar  to  support  the  superincumbent  strata  and  secure 
the  safety  of  the  workmen. 

Where  pillars  are  left,  attempts  are  afterwards  made  to  work  a  portion  of  them  by 
"robbing,"  as  it  is  technically  called.  But  this  inyariably  produces  a  "creep,"  or 
"  crush,"  destroying  the  remaining  coal  entirely,  or  so  crushing  it  as  to  render  it  un- 
profitable and  dangeroys  to  work ;  while  the  permanent  ways  are  generally  injured  more 
or  less  by  the  **cnuh,"  which  affects  a  large  extent  of  the  mine. 

The  English  miners  for  a  long  period  followed  the  foregoing  mode,  and  left  from  one- 
third  to  one-half  the  seam  wasted  or  lost  in  the  mine ;  but,  while  we  are  doing  this  still, 
they  have  for  the  last  twenty  years  been  perfecting  a  new  and  highly  profitable  system. 

The  late  Mr.  Buddie  was  the  first  to  introduce  the  new  system  in  the  Newcastle  col- 
lieries. The  plan  is  to  remove  all  the  coal  and  let  the  roof  come  down,  thus  relieving 
the  pressure  from  the  surrounding  portions  of  the  mine ;  but  to  prevent  the  crush  from 
affecting  other  parte,  the  panel  or  barrier  system  was  introduced. 

The  mine  is  laid  out  in  panels,  or  boundaries,  as  described  in  our  last  chapter,  and 
aU  the  ooal  within  the  space  removed  as  rapidly  as  possible.  In  England  the  mode 
adopted  is  known  as  the  ''  board  and  wall,"  and  consists  in  driving  forward  narrow 
"boards"  or  breasts  to  the  end  of  the  panel  or  boundary,  leaving  large  pillars  on  each 
Bide.  When  the  breasts  are  driven  to  the  extent  designed, — ^to  the  boundary  of  the 
mine,  or  to  the  barrier  dividing  one  boundary  from  another, — ^the  miners  commence 
simultaneously  to  *'work  baok.''  or  withdraw  the  pillars,  on  the  principle  of  "long- 
wall"  working.  By  thia  plan  all^  or  nearly  all,  the  coal  in  the  mine  ean  be  eztraoted; 
or,  instead  of  leaving  one-third  ai^waito  and  loet,  not  over  onA4m(k  will  be  left  in  the 
mine. 

The  differenoe  between  ''board  and  wall"  and  "long-wall"  is  not  great,  bat  the 
modes  in  which  they  are  applied  in  diffiarent  parts  of  England  are  vecy  diwimilar. 

In  Nortimmberlvid  and  Durham,  or  the  Great  Northern  coal-field  of  England,  the 
''board  and  wall''  eystem  b  generally  followed,  as  above  described;  but  in  Lanoashire, 
Staffordshire,  and  other  parts  of  England,  "long-wall"  is  the  mode  adopted.  While 
this  mode  is  eoaoeptible  of  several  modifioations,  it  is  followed  in  only  two  general 
forms. 

The  moat  ftvored,  bat  perhaps  the  least  used,  is  to  open  the  mine  thoroughly  before 
attempting  to  work  the  breasts;  that  is,  the  gangways,  air-courses,  and  all  the  passages 
to  the  breasts  are  finished  before  the  miners  oommence  to  work  the  ooal,  on  the  large 
aeale.  Thcj  then  oommenee  "working  back»''*taking  oat  all  the  ooal  and  leaving  the 
roof  to  fall  behind  them,  having  their  air-ooorses  and  gangways  always  open  through 
the  solid  coal  as  they  advance  from  the  boundaries  of  the  mine  towards  the  shaft.  This 
mode  is  cheap  and  effective  eventually ;  but  the  time  required  to  open  the  mine,  and  the 
great  outlay  necessary  before  any  return  can  be  made,  are  effectual  bars  to  its  intn>- 
duction  here,  particularly  when  the  "board  and  wall"  in  the  boundary  system  is 
equally  effective  and  available. 


432 


MnnvEt  EooirouT. 


The  woond  mode  of  appljing  Umg-wHl  is  only  applicable  in  mall  Mama  with  good 
top  ilate,  or  one  that  prodnoea  enough  Mliag  materia!  to  bnild  pennanont  waja  ' 
(hTongh  the  esaa*atad  mine.  The  plan  is  to  work  all  the  ooal  as  the  miner  advance^ 
an<t  build  Bolid  ways  with  rook  or  timber  bebJod  him  through  the  ezcBrated  portiona. 
When  theae  gangways  or  roads  are  well  built,  the  permanence  of  the  ways  is  sufEoient 
fbr  all  purposes;  bat  the  main  areDuea  or  gangways  are  always  protected  by  strong 
l^llars. 

This  mode  of  working  we  noticed  particularly  at  Bloasbnrg,  Tioga  county,  Pennsyl- 
Tania,  ia  the  Morris  seam,  whieb  ia  about  3  feet  thick,  with  a  fair  roof.  Immense  pnipa 
were  used — not  bug,  but  thiok — to  protect  each  ude  of  the  passages.  Hemlock  or 
sprues  trMs,  from  one  foot  to  three  feet  in  thickness,  were  sawed  in  lengths  a  little  lesa 
than  the  thickness  of  the  seam,  and  placed  in  parallel  rows  on  each  side  of  the  wagon 
or  tram  roads  as  the  miner  progressed;  while  smaller  props  were  used  along  the  centre 
of  the  breast  to  protect  him  from  the  loose  slate.  These  were  Bometimes  removed  and 
ased  repeatedly,  if  conTenient,  and  the  roof  allowed  to  fall  between  the  roads.  Tb* 
ur  could  not  well  be  crossed,  on  account  of  Uie  small  size  of  the  seam,  and  was,  tber*~ 
fore,  circulated  through  the  mine  and  returned  by  a  separate  air-course  not  crossed  by 
the  tram-ways.  The  coal  was  mined  remarkably  cheap,  notwithstanding  the  smallness 
of  the  sesm  and  some  mistakes  in  locating  the  mine,  which  prevented  the  natural 
drwnage  of  the  water.  But  this  plan  will  not  answer  for  deep  and  fiery  mines,  sine* 
the  gases  will  in  such  oases  accnmulate  in  the  gosves,  or  excavated  portions,  and  always 
be  a  standing  menace  to  the  lives  of  the  workmen.  The  following  illostration  may 
convey  tbe  idea  of  this  plan  of  "long-wall"  work,  thoagb  we  have  given  only  a  smaU 
portion  of  an  extensive  mine. 


LOHO-WALL  ADVAHCIHQ. 
It  will  be  notjced  by  this  arrangement  that  eaob  miner  has  a  "loose  end"  and  a  wide 
Fig.  140.  Fro.  146. 


breast,  giving  him  advantages  not  to  be  had  in  any  of  the  systems  now  pursued  in  the 
anthracite  regions.  This  plan  may  be  used  to  advantage  in  moet  of  our  small  red-ash 
seams  above  water-line,  where  the  pitch  is  not  too  great  to  take  the  can  into  the  breasta 
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or  chambers,  and  is  the  best  mode  that  can  be  used  in  the  eztenslTC  bitaminons  coal- 
fields, where  timber  is  plentiful  and  where  the  mines  may  be  aboye  water-level,  as  most 
of  them  are  and  always  will  be. 

In  the  foregoing  figure  we  represent  the  breasts  as  adyanoing  up  the  pitch  in  a  seam 
of  Tery  moderate  dip,  or  where  the  dip  is  not  over  5®.  When  the  dip  is  too  steep,  self- 
acting  inclines  are  used,  and  the  breasts  or  chambers  carried  at  right  angles  to  or  par- 
allel with  the  main  gangway  on  the  dip  side,  as  shown  in  the  figure  (146)  of  "long- 
wall"  in  withdrawing  or  working  back. 

LONG-WALL  WORKING  BACK,  OR  WITHDRAWING. 

This  plan  of  long-wall  may  be  used  in  the  panel  or  boundary  system  instead  of  the 
'*  board  and  wall,"  the  only  difference  being  in  the  board  being  carried  wide  and  tho 
long  way  narrow,  and  that  the  air  is  carried  across  the  walls  instead  of  through  divided 
ways.  In  fact,  the  boundary  system,  as  set  forth  in  the  last  chapter,  is  a  compromise 
between  the  board  and  wall  and  the  long-wall.  Instead  of  carrying  forward  a  regular 
chamber  or  breast,  in  which  the  miner  can  cut  his  daily  task  of  coal,  the  long-wall 
miners  simply  carry  forward  narrow  ways,  like  "headings,"  at  great  expense,  and 
from  which  all  the  material  must  be  removed.  The  withdravnng  or  working-back 
process  is  the  same,  except  that  the  long-wall  plan  leaves  nearly  all  the  coal  to  be 
worked  on  withdrawing,  while  the  former  only  works  back  half  the  coal  or  that  left  in 
the  pillars.    But  either  plan  is  far  better  than  any  now  in  general  use  among  us. 

The  writer  remembers  distinctly  experiments  made  in  a  thin  and  slaty  coal-seam  in 
the  Richmond  coal-field,  with  negro  miners  principally. 

Three  of  the  plans  laid  down  in  page  416  were  tried,  but  it  was  found  that  the  seam 
was  too  thin  and  poor  to  pay.  The  miners  could  not  cut  more  than  five  "bogies"  of  10 
bushels,  or  750  pounds,  each,  per  day.  But  on  changing  the  plan  to  long- wall  work 
advancing,  and  using  timber  and  slate  to  preserve  the  tram-ways,  the  production  was 
increased  to  ten  bogies  per  day,  and  all  the  coal  was  taken  out,  instead  of  one-third,  as 
before. 

The  advantages  of  long-wall  advancing  are  numerous  in  thin,  flat  seams  above  water- 
level  ;  and  no  plan  is  better,  where  timber  or  rock  from  the  roof  can  be  had  to  keep  up 
the  roads  in  an  available  manner.  But  in  deep  mines,  where  the  gas  is  abundant,  long- 
wall  must  be  used  on  the  "withdrawing"  or  working-back  mode,  either  by  going  to 
the  boundary  of  the  estate,  or  by  dividing  the  mine  into  panels  or  subordinate  boun- 
daries. We  would  prefer,  however,  to  make  use  of  the  "board  and  wall"  plan,  or 
"breast  and  pillar,"  as  shown  in  the  boundary  system;  since  in  that  the  miner  can 
produce  a  fair  amount  of  coal  advancing,  and  will  have  all  the  advantages  of  any  other 
plan  in  withdrawing;  while  he  has  room  to  stow  away  his  refuse, — slate,  bone,  dirt, 
&o., — ^instead  of  sending  every  thing  to  the  surface  in  advancing,  as  must  be  done  by 
this  plan  in  long-wall  work. 

We  do  not  think  it  necessary  further  to  illustrate  the  English  board  and  wall  system, 
since  it  cannot  be  comprehensively  done  in  the  small  wood-cuts  which  we  are  using,  and 
we  have  determined  not  to  make  use  of  large  lithographic  designs,  not  only  on  account 
of  the  time  and  labor  necessary  to  produce  them,  but  because  they  are  inconvenient  in 
book-form.  Should  it  be  required,  the  author  will  give  personal  attention  to  this  matter, 
and  furnish  full  and  complete  information  on  the  subject. 

SYSTEMATIC   MINING. 

We  wish,  however,  to  call  particular  attention  to  this  important  subject,  as  one  of  the 
moet  interesting  questions  connected  with  the  mining  economy  of  the  anthracite  regions. 

28 
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To  &e  landed  pioprieton  it  would  saTO  millions  of  dollars  per  annum,  and  to 
operators  perhaps  not  less;  while  the  miners  themseWes  would  be  benefited  by  all  tbikt 
benefited  their  employers,  and  would  feel  more  secure  in  life  and  limb  while  engaged 
in  their  dangerous  occupation.  We  think  the  advantages  so  plain  and  so  numerous 
that  eren  the  prejudiced  must  admit  the  desirableness  of  the  improremoit.  The  diffi- 
culty, we  apprehend,  will  be  that  of  comprehension:  our  mining  managers  are  not  all 
engineers,  and  not  generally  conyersant  with  plans  and  paper  descriptions;  what  they 
know  they  have  acquired  by  a  long  experience,  and  they  know,  too,  that  the  plans  to 
which  they  are  wedded  by  a  life-long  practice  are  practical  in  a  measure, — ^that  they 
answer  the  purpose;  while  new  theories  and  new  plana  are  to  them  alike  suspicious  and 
untried. 

We  hope,  howerer,  that  none  will  refuse  to  learn,  and  that  no  practical  miner  will  be 
fbund  to  defend  our  present  barbarous,  wasteful,  and  dangerous  system,  in  opposition  to 
the  improrements  of  the  deep  English  collieries,  where  more  coal  is  produced  from  a 
three-fbet  seam  of  coal  than  we  can  get  out  of  a  five-  or  perhaps  a  six-feet  seam,  and  at 
much  less  cost,  eyen  when  the  rates  of  labor  are  compared ;  where  the  mines  are  three 
times  as  deep  as  ours,  on  an  average,  and  where  the  gas  is  constantly  pouring  forth 
in  a  thousand  jets,  under  a  tension  much  greater  than  any  thing  we  have  yet  found 
in  any  of  our  deepest  mines. 

The  subject  is  certainly  worthy  of  consideration  and  study.  .  But  little  attention  has 
been  given  to  it.  Our  miners  seem  to  rest  satisfied  with  the  old  system,  now  obsolete 
in  Europe,  and  have  never  sought  or  thought  of  improvement;  and  we  presume  it  will 
be  difficult  now  to  dum^  the  system,  unless  those  most  interested  will  give  the  matter 
their  attention. 

VENTIIJITION. 

In  the  economy  of  mining,  particularly  in  coal  where  explosive  gases  are  present,  the 
subject  of  ventilation  is  no  secondary  consideration;  and  the  practical  miner  or  engineer 
is  not  competent  to  the  management  of  mines  unless  he  is  conversant  with  the  scientifio 
questions  necessarily  involved  in  the  subject  of  the  ventilation  of  deep  and  fiery  mines. 

It  is  not  our  purpose  to  discuss  at  present  the  science  of  ventilation ;  this  will  be  in- 
volved in  the  application ;  but,  in  order  to  obtain  a  clear  comprehension  of  the  subject, 
and  to  present  it  practically,  we  must  discuss  its  leading  principles ;  and  perhaps  the 
best  mode  of  doing  so  to  the  general  reader  is  to  make  plain  and  every-day  comparisons. 

As  the  wind  rushes  in  storms  from  the  colder  to  the  warmer  districts  by  the  increase 
and  decrease  in  bulk  and  the  ascent  and  descent  of  the  condensed  or  rarefied  portions 
in  the  strata  of  the  air,  so  the  air  may  be  conveyed  through  any  extent  of  building  or 
subterranean  passages.  Rarefied  air,  being  lighter  than  common  air,  ascends  above  the 
common  strata,  and  this  creates  a  commotion,  and  brings  distant  currents  to  replace  the 
ascending  column. 

When  common  or  natural  ventilation  is  used,  the  ventilation  of  a  mine  is  similar, 
in  a  limited  sense,  to  that  of  a  house.  The  air  either  passes  in  and  through  any 
passage  open  for  its  progress,  or  is  drawn  in  a  rapid  current  by  the  heat  of  a  fire  or  a 
stove.  That  portion  of  the  air  which  comes  in  contact  with  the  fire  is  rarefied,  and  of 
course  ascends  rapidly  through  the  chimney;  and,  as  it  escapes,  fresh  air  takes  its 
place;  for  "nature  abhors  a  vacuum.'^  In  the  same  manner  "furnace* ventilation"  is 
conducted  in  deep  mines. 

But  in  our  coal-mines  the  air  is  frequently  carried  through  many  miles  of  tortuous 
subterranean  avenues,  and  too  oflen  through  irregular  channels,  where  the  column  is 
contracted  to  one-half  or  two-thirds  of  its  bulk,  and  of  course  is  to  that  extent  retarded. 
The  friction  of  air,  though  insensible  when  in  slow  motion,  is  very  great  when  dragged 
mile  after  mile,  through  rough  and  jagged  avenues,  at  the  rate  of  1000  feet  per  minute. 
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Throagh  a  straight,  smooth  passage  it  might  be  forced  along  with  half  the  power  re- 
quired to  propel  it  through  the  ordinary  air-courses  of  the  mine. 

In  most  water-level  mines,  natural  ventilation  can  be  made  available,  entering  the 
air  at  the  lower  level  and  returning  it  to  tho  atmosphere  at  a  higher  point;  but  even  in 
these,  when  the  avenues  are  long  and  narrow,  it  is  extremely  di£Scult  to  keep  np  an 
even  ventilation,  owing  to  the  constant  variation  of  the  temperature  of  the  atmosphere, 
and  the  consequent  changes  in  the  currents  and  air-strata.  Mechanical  means  are 
frequently  resorted  to  even  in  mines  in  the  mountain-sides,  where  they  are  extensive. 

The  friction  of  air  when  carried  violently  through  rough  and  intricate  passages  is 
greater  than  may  readily  bo  imagined.  To  carry  100,000  cubic  feet  of  air  per  minute 
through  a  single  avenue  containing  10  square  feet  of  area  will  require  a  far  greater 
amount  of  power  than  to  carry  the  same  amount  of  air  through  ten  avenues  having  one- 
half  the  area,  or  5  square  feet  to  each ;  and  this  not  only  demonstrates  the  fact  of  fric- 
tion, but  points  at  tho  best  mode  of  ventilating  mines.  Instead  of  carrying  the  air 
in  one  unbroken  current  through  tho  entire  mine,  it  is,  therefore,  best  to  split  the  air 
wherever  convenient,  and  carry  it  by  separate  channels  to  the  respective  portions  of  the 
mine  utider  operation.  But  there  is  another  advantage  to  be  gained  by  this  process,  in 
addition  to  the  movement  of  the  column  of  air.  It  is  evident  that  all  parts  of  the  mine 
cannot  be  equally  distant  from  the  upcast  and  downcast  shafls:  oonsequently,  it  cannot 
be  best  to  carry  all  the  air  through  the  most  distant  workings,  in  order  to  introduce  it, 
with  all  its  foulness,  to  the  near  workings.  Nothing  can  be  n^pre  evident  than  the 
economy  and  propriety  of  conveying  a  portion  of  the  current  to  each  part  of  the  mine 
ntpectively,  thereby  not  only  decreasing  the  column  of  air,  bnt  living  to  each  set  of 
workmen  their  share  of  pure  air.  This,  however,  cannot  be  done  in  our  present  system 
of  mining ;  but  it  can  be  done,  nevertheless,  with  great  advantage  to  all  interested,  by 
dividing  the  mine  into  boundaries,  and  carrying  a  branch  current  to  each,  direct  from 
the  main  column,  by  tho  most  available  way.  In  order  to  consider  the  different  modes 
of  ventilation  used,  we  will  discuss  them  under  the  heads  of  natural  ventilation,  furnace- 
ventilation,  steam-ventilation,  and  mechanical  ventilation. 

NATURAL  VENTILATION. 

This  is  the  first  and  simplest  mode,  and  one  which  is  naturally  suggested  by  the  ordi- 
nary currents  of  the  air.  It  is  tho  method  always  made  use  of  in  all  new  mining  dis- 
tricts, except  where  the  seams  lie  deep  beneath  the  surface.  As  before  stated,  the  air 
it  carried  into  the  mine  at  tho  lowest  level,  and  returned  to  the  atmosphere  at  a  higher 
level,  where  the  air  is  more  rarefied,  and  where  the  atmospheric  pressure  is  the  least. 
Under  these  circumstances,  when  the  avenues  of  the  mine  are  regular  and  proportional, 
an  extensive  circulati(jn  is  maintained,  liable  to  derangements  only  from  sudden  changes 
of  the  weather  and  variation  of  the  temperature  of  the  atmosphere. 

In  deep  mines,  or  most  mines  carried  below  water-level,  this  mode  is  not  available  to 
any  great  extent.  It  is  very  difficult  to  make  any  arrangement,  under  such  circum- 
stances, to  keep  up  a  current.  The  levels  being  equal  in  many  cases,  and  generally 
nearly  so,  the  air  is  in  equilibrium,  the  atmospheric  pressure  and  rarefaction  being 
equal,  and  there  being  no  tendency  to  motion.  It  is  true  the  temperature  in  most  deep 
nines  is  higher  than  the  ordinary  temperature  of  the  atmosphere,  and  that  the  pressure 
is  greater  at  500  feet  of  depth  than  at  the  surface;  but  their  effect  is  equal,  and  exerted 
on  all  portions  of  the  mine  alike:  consequently,  some  force  must  be  employed  to  create 
a  movement  and  propel  a  current  of  air  through  the  mine  in  a  given  direction.  This 
il  generally  done  by  heat,  or  the  rarefaction  of  the  air  in  the  upcast  shaft,  which  creates 
a  rapid  upward  movement  of  the  mine-vapor,  and,  consequently,  a  downward  movement 
of  the  atmosphere  to  fill  its  place.    This  method  is  known  as  furnace-ventilation. 
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PiniKACE-TESTILATlOll. 

In  figure  147,  a  it  the  apoMt  iloiM,  or  tbrnh ;  b,  (he  mun  &*«aiM 
inlet  air-oouTM  below  the  gangwBj;  d,  the  reuun  uiHwaru  abore  tlw  gkogwkj;  f, 
ioon  lo  keep  the  »ir  in  ite  proper  course;  mi  f,  the  famBoe.  The  dovncmit  ilop*  ii 
not  lettered,  but  the  anovi  indicate  the  conne  uf  the  air.  The  lower  p«wj;ii.  e,  ii  M 
indiKpensBble,  and  maj  be  ranitted  when  the  upper  or  return  air-coarae  U  evtfbUf 
preeerred.  Bj  op«nin|c  the  door  g  in  the  gangwaj  (,  the  air  pawea  in  thraa^  that 
•Tenoe,  di«penfiog  with  c  altagethtf  if  the  thutee  are  air4igbt 

Tiie  furnace  /  maj  Im  placed  to  the  left  of  the  npcwt  a,  pertiapa  with  non  ptv 


priety  than  between  the  upcast  and  downcast,  on  accountof  the  limited  room  aKModttt 
bottom  of  the  shaft,  and  the  tendency  of  the  furnace  to  weaken  the  pillars.  But,  whntni 
placed,  the  return  air  must  enter  the  apcait  shaft  above  the  point  reached  bj  th«  Hum 
of  the  furnace,  or  else,  under  certain  circumstances,  the  |;ases  brought  out  of  tbs  ■■>>• 
bj  the  returning  current  of  air  might  be  fired.  Even  with  the  procaulion  of  a  "dnait/ 
drift,"  kc.  from  the  furnace  to  the  upcast,  the  gas  is  sometimes  fired,  by  acridniL  or 
by  the  forcing  back  of  the  return  gases,  by  the  falling  of  the  roof,  or  from  other  eaeiK 
on  the  flamee  of  the  furnace;  and  this  is  one  of  the  fat«l  defects  (^  tli«  fiiraatesf* 
ventilator. 

A  large  area  of  grate-surface  is  necessary,  and  an  immense  amount  of  ca«l  bulhiiw* 
duly,  to  ventilate  a  deep  mine, — requiring  say  100,000  cubic  feet  of  air  par  day;  W 
the  attention  demanded  is  perhaps  greater  than  that  where  mechanical  notoci  *K 
UBod.  In  tbe  furnace  system  the  depth  of  the  shaft  is  no  impediment,  ao  far  si  eipe 
rieoced,  in  effecting  ventilation.  The  shaft,  if  dry,  is  heated,  and  retained  in  thatn*- 
dition  by  the  furnace  and  the  hot  air  ascending  fnim  it;  and  the  oonseqnence  is  tbsttki 
air  continues  in  a  rarefied  state,  and  escapes  upward  rapidly,  tiioagh  tiie  "dng"i"^ 
oolumn  may  be  considerable. 

Tbe  following  table,  from  the  Transactioo*  of  the  North  of  Englaad  Inititrtt  ^ 


VENTILATION  OP  MIHEB.  4^7 

Hlnlug  SogiDMn,  witi  abow  the  ainonnt  of  coal  and  the  MUmated  bone-power  requiute 
to  obtoin  »  given  unount  uf  ventilatiuu,  as  per  eiperimenta  conducted  «t  the  HettuD, 
Sbmore,  and  Eppletoa  uollieriee,  ia  the  Newuaiitle  coal-fieLd. 
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la  the  above  table  it  will  be  noticed  that  a  cert^n  amount  of  steam  is  employed. 
Hetbm  has  4  furnaces,  consumiog  19  tons  of  coal  in  24  houra,  and  3  steam-boilers,  pro- 
doeiog  steam  fnrjets,  and  consuming  16  tons  of  coal  la  the  same  length  of  time;  the 
whole  equal  to  109  horse-power,  empiojed  in  mechanical  meaos  to  produce  a  vCDtihltioa 
of  176,000  cubic  feet  per  minute. 

It  will  be  found,  on  comparing  this  with  the  results  of  mechanical  ventilatioa  aa  pro- 
duced by  the  suction-fan,  that  it  requires  doable  the  power  to  produce  the  same  venti- 
lating column,  under  the  same  circumstances,  with  steam  and  furnace  that  it  does 
with  the  fan.  But  in  this  case,  though  the  ventilating  power  will  compare  with  Uie 
hcet  fumace-veDtilation  in  Sngknd,  the  use  of  the  steam-jet  in  connection  with  the 
fornace  maj  rather  add  to  the  power  required,  iu  a  greater  proportion  than  the  effect 
produced.  It  was  decided,  bj  a  long  series  of  experiments  made  in  the  Newcastle 
district  in  England,  that  fum ace-ventilation  was  tfae  most  effective  mode  then  in  use ; 
and  this  decisiuD  was  cousidered  conclusive  until  1863,  when  questions  concerning 
&D-ventitatioo,  as  used  in  Franco  and  Belgium,  were  discussed  among  the  mining 
engineers  in  that  district,  and  the  fan  was  generallj  conceded  to  be  superior  to  the 
furnace  so  far  as  the  proportion  l>etween  power  and  result  was  concerned.  But  up  to 
1864  the  fan  was  onlj  occasionally  used  in  the  English  mines;  and  then,  with  but 
iftre  exceptions,  the  ponderous,  costly,  and  imperfect  French  system  wiu  introduced. 


WATERFALLS   AHD  STEAM-JETS. 

TheM  modes  ore  now  considered  obsolete,  and  are  not  used,  except  on  ' 
when  Bteam  can  be  produced  abundantly  and  cheaply,  or  when  water  can  be  used  with- 
oat  npumping,  and  drained  off  by  some  adit  level.  Waterfalla  were  much  used  when 
■wtaral  ventilation  was  the  only  other  means  employed  to  start  a  column  of  air.  If  a 
Wrgfi  body  of  water  is  suddenly  lot  down  a  pit,  it  compels  the  air  to  move  before  it  and 
toUaw  after  it;  and  thus,  when  tbo  air  has  become  stagnant  or  in  equilibrium  by  some 
diange  in  the  weather  and  temperature,  the  column  is  started  in  its  proper  direction, 
■nd  may,  in  shallow  shafts,  be  kept  moving  by  the  ordinary  means  of  natural  ventila- 
&m.  It  is  sometimes  used  also  in  starting  the  furnace-fires,  or  where  weak  ventilation 
w  used,  because  it  is  much  more  difficult  to  put  in  motion  a  long  column  of  air  than  to 
kaop  it  moving  afterwards. 

The  tUam-jet  is  almost  valueless  in  deep  shafts  if  used  alone,  though  it  answers  very 
mil  in  shallow  ones,  and  is  an  aid  in  deep  ones  in  oonnection  with  the  furnace.  The 
itsftm-jet  acts  like  a  steel  spring.    Its  action  ia  in  its  immediate  vioini^,  and  its  energy 
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is  soon  exhausted.  On  being  released  from  tension,  it  suddenlj  springs  apwmrd,  and 
of  course  moves  the  air  quickly  in  its  Ticinity,  but  its  expansion  is  momentaij,  or  its 
force  confined  to  a  limited  area,  and  does  not  exert  its  propelling  power  to  anj  distance 
up  the  shaft.  Therefore,  if  the  shaft  is  deep  the  steam  cools  and  condenses  before 
reaching  the  surface,  and  not  only  loses  its  motive  force,  but  actually  falls  back  and 
retards  the  column.  In  a  shallow  shaft  this  would  not  happen,  as  the  steam  would 
roach  the  surface  before  condensation  took  place ;  and  even  in  deep  shafts,  where  fur- 
naces arc  used  in  connection  with  steam-jets,  the  action  of  the  latter  may  be  beneficial 
The  energetic  action  of  the  steam  on  being  released  from  pressure  in  the  steam-boiler 
moves  tho  air  rapidly,  while  the  heat  of  the  furnaces,  ascending  the  shaft,  prevents 
the  steam  from  suddenly  condensing.  But  neither  the  one  nor  the  other  is  capable  of 
forcing  the  air,  if  much  pressure  is  required,  through  the  contracted  avenues  of  the 
mine.  This  can  be  done  only  by  mechanical  means ;  but  in  all  cases,  whatever  motive 
power  be  used,  tho  more  contracted  the  air-passages  may  be,  the  more  power  is  required 
to  produce  a  given  amount  of  ventilation,  or  to  pass  a  given  number  of  cubic  feet  of 
nir  per  minute  through  the  mine.  If  it  requires  a  force  equal  to  50  horse-power  to 
move  a  column  of  100,000  cubic  feet  of  air  per  minute  through  the  avenues  of  a  mine, 
it  would  require  8  times  that  amount  of  force,  or  400  horse-power,  to  increase  the  ven- 
tilation to  200,000  cubic  feet  per  minute  through  the  same  mine. 

If  the  main  avenue  of  the  downcast  shaft  and  the  in^et  air-courses  be  equal  to  100 
feet  in  area,  or  10  feet  in  diameter,  the  air  would  require  to  travel  1000  feet  per  minate 
.  in  order  to  pass  100,000  cubic  feet  per  minute  with  the  power  proposed.  But  if  the 
area  of  the  air-courses  be  contracted  in  any  part  of  the  mine  to  one-half  the  siia  pro- 
posed, or  about  7  feet  diameter,  the  power  required  to  propel  the  column  is  increased  ia 
proportion  to  the  contraction,  but  not  in  the  ratio  of  8,  as  before  stated,  since  the  ooa- 
traction  of  the  air-courses  impedes  the  progress  of  the  air  in  proportion  to  their  IcnjA 
as  well  as  in  proportion  to  their  area. 

The  formula,  as  found  by  experiment  and  practice,  is  this : — "  The  preMore  p« 
unit  of  surface,  or  head  of  air-column,  required  for  the  propulsion  of  air  throsgh  s 
contracted  passage,  is  proportional  to  the  square  of  the  velocity,  or  to  the  square  of  the 
quantity  of  air  passing  in  a  given  time,  divided  by  the  square  of  the  area  of  the  air-oomte. 

'*The  pressure  required  to  propel  air  through  a  contracted  passage  is  proportioosl  to 
the  length  of  the  passage,  or  to  the  perimeter  of  the  section  of  the  passage,  ondtf  e([aal 
circumstances." 

The  friction  of  air  through  a  rough  or  irregular  passage  is  much  greater  than  timm^ 
a  smooth  and  uniform  one.  Unlike  water,  which  flows  through  a  rugged  channel  of 
coarse  stone-work  with  as  little  friction  as  through  glass  pipes,  it  is  retarded  bj  fii^ 
tion  with  every  acute  angle  and  every  projecting  point ;  and  though  these  intemptioss 
are  insignificant  as  items,  they  exert  a  great  influence  combined;  and  the  "drag'' of* 
column  of  air  several  miles  in  length  is  much  greater  through  irregular  and  roogb 
channels  than  through  comparatively  smooth  and  uniform  passages. 

MECHANICAL  VENTILATION. 

By  mechanical  ventilation  we  mean  the  use  of  machinery  to  compel  the  uniioiB 
movement  of  a  column  of  air  through  the  avenues  and  workings  of  the  mine.  Thii » 
done  by  various  means.  That  in  use  was  the  ordinary  fan  driven  by  hand  or  bs* 
chinery  to  propel  or  blow  a  current  of  air  through  certain  portions  of  the  mine,  ot  where 
natural  currents  could  not  be  maintained.  This  mode  has  also  been  tried  for  the  pa^ 
pose  of  extensive  ventilation,  but  did  not  answer.  The  difficulty  of  pushing  or  forcing 
a  current  of  air  through  long,  intricate,  and  rough  passages  is  manifest,  and  both  theory 
and  practice  are  against  it. 
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Air  is  an  elastic  fluid,  that  increases  in  tension  by  the  pressure  exerted.  Air  occa- 
pytng  a  certain  space  under  the  ordinary  atmospheric  pressure  can  be  reduced  to  half 
the  space  or  bulk  by  double  the  pressure ;  and  to  one-third  the  space  under  a  treble 
pressure,  and  so  on:  consequently,  the  density  or  weight  of  a  given  column  of  air 
▼aries  directly  as  the  pressure  on  each  unit  of  surface  under  which  it  exists,  the  tem- 
perature remaining  unchanged. 

The  effect,  therefore,  of  forcing  air  through  a  long  series  of  intricate  passages  is  to 
increase  its  density  and  friction  in  proportion  to  the  pressure  applied  and  the  length 
^of  the  column.  To  a  limited  extent  this  may  be  done  by  the  expenditure  of  suffi- 
cient power,  but  this  may  be  compared  to  the  attempt  to  push  a  rope  instead  of  pulling 
it  Whether  the  ordinary  blowing-fan  or  blowing-cylinder  be  used,  the  difficulties  are 
the  same:  therefore  this  mode  must  be  condemned.  But  when  the  same  power  is 
reversed,  and  the  fan  or  cylinders  are  made  to  draw  or  suck  the  air  instead  of  pushing 
it,  the  effect  is  reversed,  and  the  natural  or  atmospheric  pressure  becomes  an  active 
A^nt  instead  of  a  repellant  force  ]  instead  of  increasing  the  density  and  consequent 
friction  of  the  air,  it  decreases  them,  and  proportionately  decreases  the  amount  of  power 
required  to  produce  a  given  volume  or  current  of  air. 

We  have  seen  that  109  horse-power  produces  175,000  cubic  feet  of  air  per  minute  by 
the  furnace  and  steam-jets  in  the  Iletton  colliery;  and  this  is  one  mode  of  drawing  a 
column  of  air.  To  propel  the  same  column  through  the  same  avenues  by  any  blowing 
process  would  require  an  expenditure  of  ten  times  the  power,  or  1090  horse-power, — 
which  would  also  so  increase  the  density  of  the  air  that  it  would  be  extremely  diffi- 
eelt  to  prevent  its  escape  through  the  doors  and  divisions  of  the  air-passages  to  the 
letum  aiiMMurse  before  it  could  arrive  at  the  extremities  of  the  mine.  • 

The  expenditure  of  power,  however,  is  greater  by  the  furnace  mode  than  by  the 
mechanical  or  suction  mode.  Lemielle's  and  Guibal's  apparatus  for  exhausting  the 
imparities  of  the  mine,  though  clumsy,  costly,  and  ponderous,  is  more  effective  than 
the  furnace.  These  machines  produce  about  75,000  cubic  feet  per  minute,  under  an 
txpenditure  of  50  horse-power.  This,  however,  is  less  than  the  result  of  the  Iletton 
experiments,  which  were  more  favorable  than  ordinary ;  and,  generally,  it  is  conceded 
that  even  Lemielle's  ponderous  machines  are  more  reliable,  safe,  and  economical  than 
furnaces.  There  were  several  of  these  machines  in  use  in  France  in  1857-58,  and  about 
this  time  Nasmyth,  of  England,  applied  an  improved  fan  as  an  exhauster  in  England; 
but  up  to  1863-64  they  were  not  in  use  in  the  English  collieries,  with  rare  exceptions. 
They  had  not  been  introduced  by  the  mining  engineers  of  the  North  of  England  at 
that  time,  but  were  under  discussion,  and  generally  conceded  to  be  superior  to  the 
famtice  and  more  available. 

The  use  of  the  fan  as  an  exhauster  appears  to  have  been  first  successfully  applied  in 
the  anthracite  region  at  Locustdale,  near  Ashland,  Pennsylvania,  by  John  Louden 
Beadle,  a  mining  engineer  of  much  practical  experience  and  ability.  It  was  introduced 
in  1857-58,  afler  a  long  series  of  practical  experiments  in  blowing  and  exhausting 
the  air,  and  was  adopted  as  the  result  of  these  experiments.  This  fan,  as  applied,  is 
the  simplest  in  use  and  the  most  effective.  With  half  the  expenditure  of  power  and 
means  required  in  the  French  suction  apparatus,  it  produces  better  results. 

Mr.  Beadle  has  recently  patented  his  improved  fan  and  system  of  ventilation ;  and, 
from  a  personal  investigation  of  the  plans  and  their  effective  operation,  we  have  no 
hesitation  in  stating  that  his  system  is  the  most  perfect,  effective,  safe,  and  economical, 
—in  a  word,  more  available  than  any  other  mode  of  ventilation,  and  far  superior  in 
arery  respect  to  the  furnace  method. 
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The  facts  we  arrive  at,  ailer  a  full  consideration  of  mine-Tentilatioii  in  all  its  bearingi^ 
which,  however,  we  have  but  briefly  noticed  in  the  foregoing  pages,  may  be  smamed 
up  in  a  few  words: — 

1.  The  areas  of  the  air-ways  should  be  proportionate  in  sixe  or  diameter  to  the  qua- 
tity  of  air  required,  since  the  increase  of  air  in  a  given  area  is  only  aooomplishsd  bj 
an  eightfold  increase  of  power. 

2.  The  air-ways  should  not  be  contracted  at  any  point  to  a  less  general  diameCtf  thsa 
the  column  requires,  moving  at  a  uniform  speed,  or  than  the  area  of  the  downcast  shift 
and  main  inlet  avenue ;  because  the  increase  of  density  and  friction,  and,  consequently, 
the  power  required  to  propel  the  column,  are  in  proportion  to  the  contraction  of  the 
area. 

3.  The  air-ways  are  most  effective  when  they  are  uniform  and  free  from  projecting 
and  obtuse  angles;  because  air,  which  moves  in  a  solid  body,  impinges  or  drags  on  ill 
rough  surfaces,  and,  consequently,  the  more  smooth  the  surface  of  the  passages  tbi 
itiore  freely  will  the  currents  of  air  pass  through  the  mine. 

4.  The  longer  the  column  of  air,  the  greater  will  be  the  force  necessary  to  more  t 
f^iven  column ;  and  the  emallcr  the  areas  of  the  passages,  the  greater  the  friction  and 
velocity  of  the  air.  But  the  more  the  air  is  divided  and  the  greater  the  areas  of  the 
auxiliary  passages,  the  less  will  be  the  friction  and  power  required  to  move  a  gim 
column,  unless  increased  beyond  the  area  necessary  for  the  full  atmospheric  exp&nnon: 
consequently,  the  shorter  the  currents,  the  larger  the  ways,  and  the  more  direct  tbe 
courses,  the  mofe  effective  will  be  the  ventilation. 

5.  In  order  to  convey  pure  air  to  each  breast  and  to  supply  each  miner  with  a  heshfcy 
atmosphere,  as  well  as  to  shorten  the  current,  decrease  the  drag  of  the  culamii,  asi 
prevent  danger,  it  is  essential  that  the  air  be  "split"  and  conveyed  by  special  comali 
into  the  respective  vrorkings  of  the  mine,  and  that  the  returning  impurities  shoaM  pea 
into  the  return  air-ways  without  coursing  through  other  workings.  To  do  this  eAot- 
ually,  it  is  necessary  that  the  mine  should  be  laid  out  in  districts  or  *'  bonndariea,"  ii 
described  in  a  former  chapter. 

6.  The  permanent  air-courses  should  always  be  parallel  with  the  permanent  aveniMi 
of  the  mine,  and  should  never  run  through  the  excavated  and  abandoned  parts,  except 
for  temporary  purposes.  ''Gas  drifts,"  however,  should  always  be  kept  open,  (or  An 
escape  into  the  return  air-courses  of  any  gas  which  might  accumulate  in  the  "gpvnt," 
as  shown  by  the  arrows  in  several  of  the  illustrations  given. 

7.  Mechanical  ventilation,  as  illustrated  by  the  exhausting-fan,  is  the  most  availsUs 
mode  known,  and,  for  present  purposes,  the  most  perfect  and  economical  that  can  be 
devised. 

MINE  GASES  AND  VAPORS. 

The  principal  and  most  dangerous  gas  produced  in  coal-mines,  with  but  rare  exeep* 
tion,  is  carburetted  hydrogen,  which  exists  in  various  forms  and  in  different  volumes  cf 
carbon  and  hydrogen,  as  coal-gas,  oil-gas,  oil  of  turpentine,  naphtha,  petroleum,  h- 
It  consists  in  this  state  of  about  85  parts  carbon  and  15  parts  hydrogen ;  bat  ligM 
carburetted  hydrogen  gas  is  one  part  carbon  and  two  parts  hydrogen ;  heavy  eaitS' 
retted  hydrogen  is  one  equivalent  of  each. 

Light  carburetted  hydrogen  gas  is  the  most  dangerous,  difficult,  and  abundant  gu 
with  which  the  miner  is  troubled.  It  issues  from  nearly  all  coal-seams,  at  certain  depAi 
from  the  surface,  but  generally  in  greater  volumes  from  the  bituminous  than  from  thi 
anthracite  coals.  It  is  not  confined,  however,  to  the  coal-seams,  but  appears  to  exiitii 
greater  abundance  in  the  rocks  below  the  coal  measures,  under  certain  oonditione,  tfaii 
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in  the  coal  itself,  as  is  abundanUj  proved  by  the  immense  volumes  of  this  gas  which 
issae  from  the  oil-wells,  and  by  the  existence  of  the  oil  itself,  which  is  only  a  heavier 
compound  of  those  gases,  or  a  maximum  of  carbon  and  a  minimum  of  hydrogen. 

We  think  we  are  safe  in  saying  that  even  the  coal  itself  is  a  compound  of  these  gases, 
with  probably  certain  traces  of  oxygen.  Anthracite  contains  the  smallest  amount  of 
hydrogen  and  the  greatest  of  carbon ;  the  rich  bituminous  contains  more  hydrogen  and 
less  carbon.  Asphaltic  coal,  mineral  pitch,  bitumen,  coal-oil,  petroleum,  and  naphtha 
owe  their  character  to  the  increase  of  hydrogen  and  the  decrease  of  carbon ;  while  the 
carburetted  hydrogen  gas,  which  escapes  from  fissures  in  our  coal-mines  and  rises  from 
the  oil-deposits  beneath  them,  contains  still  less  of  carbon  and  still  more  of  hydrogen. 

GAS  AS  A  VENTILATOR. 

This  gas — flight  carburetted  hydrogen — is  about  half  the  density  of  common  or  atmo- 
ipheric  air,  or  of  the  same  lightness  and  ascensional  power  as  common  air  rarefied  by 
500^  of  heat:  consequently,  this  gas  always  lies  above  all  other  gases  or  vapors  in  the 
mine,  and  fills  all  cavities  and  openings  in  the  roof,  or  forms  a  stratum  in  the  higher 
portions  of  the  mine.  If  it  could  escapo  from  thence,  there  would  be  little  or  no 
difficulty  vrith  gas  in  mines: — in  fact,  it  is  possible  to  make  this  gas  itself  a  means  of 
ventilation  more  available  and  constant  in  all  fiery  mines  than  any  furnace  can  possibly 
be.  The  rarefaction  of  the  air  by  means  of  furnaces  is  seldom  over  200^,  and  often  not 
over  100**:  consequently,  the  ascensional  tendency  by  increased  lightness  is  small.  'But 
carburetted  hydrogen  is  as  light  as  air  at  a  temperature  of  500^,  and,  consequently, 
has  the  same  tendency  to  ascend.  If  allowed,  it  would  rush  through  the  upcast  shaft 
with  great  velocity  and  create  a  far  better  current  than  furnaces  could  effect.  This  is 
evident,  since  the  carburetted  hydrogen  of  the  mines,  if  confined  in  a  balloon,  would 
currj  it  up  with  gre&t  velocity  above  the  clouds. 

If  the  gas  of  our  mines  could  be  used  in  this  manner  with  practical  effect,  it  would 
not  only  abate  a  troublesome  and  dangerous  pest  to  mining  operations,  but  become  a 
valuable  and  co-operative  agent. 

In  a  mine  requiring  35,000  cubic  feet  of  air  per  minute,  we  may  estimate  30,000  feet 
as  necessary  to  dilute  the  amount  of  gas  which  may  be  produced, — say  1000  feet  per 
minute,  since  30,000  feet  of  air  are  necessary  to  render  1000  cubic  feet  of  gas  perfectly 
innoxious.  When  diluted  with  from  7  to  9  volumes  of  atmosphere,  carburetted  hydrogen 
becomes  highly  explosive  and  dangerous :  consequently,  a  large  excess  of  pure  air  is 
required  to  make  the  ventilation  safe.  **  Gas-blowers"  frequently  break  out  in  portions 
of  the  mine,  and  immense  volumes  of  gas  are  thus  suddenly  produced.  Often  the  fall- 
ing of  the  roof  in  the  goaves  forces  the  gas  into  the  aiiKiurrents,  and,  were  there  not  a 
large  surplus  of  pure  air,  explosions  would  in  such  cases  be  imminent. 

We  thus  find  that  30,000  feet  of  the  35,000  required  is  necessary  to  counteract  the 
explosive  gases;  while  only  5000  cubic  feet  per  minute  is  required  to  support  life  and 
remove  the  heavy  vapors.  It  is,  therefore,  evident  that  a  very  small  amount  of  ven- 
tilating power  would  be  required  if  the  gases  were  neutralized,  and  less  still  if  they 
^ere  made  effective  in  propelling  the  current  instead  of  furnaces. 

This  may  be  a  novel  idea  to  many  of  our  readers.  It  is  not,  however,  new  or  untried, 
the  system  having  been  in  use  in  several  collieries  in  Staffordshire,  England,  with  great 
9uccesj*,  and  effected  by  simple  and  ordinary  means. 

The  plan  is  to  form  the  return  air-courses,  in  all  cases,  above  the  "intake:"  if  in 
large  seams,  they  may  be  made  directly  over  the  main  avenues  and  wagon-ways ;  but 
if  in  small  seams,  then  to  the  "rise,"  so  that  the  return  air  may  be  higher  than  the 
entering  or  intake  air.  These  courses  or  "gas-drifls"  are  so  located  that  the  gas 
twdily  escapes  into  them  from  all  portions  of  the  mine,  and,  being  exceedingly  light. 
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rushes  with  great  Tclocitj  towards  the  npout  shaft,  prorided  the  retam  aifHXMinethaTe 
BO  depressions  and  lead  invariablj  to  higher  levels. 

It  is  also  Deccstrary  that  the  chimney,  or  upcast  shaft,  should  be  oomparaiiTelj  small, 
and  have  no  communication  with  the  working  portions  of  the  mine.  Fur  the  Tentilalioii 
of  a  mine  requiring  35,000  cubic  feet  per  minute,  a  chimney  three  feet  in  diameter  is 
sufficient  if  the  gas  is  used  as  described,  since  the  volume  is  thereby  reduced  from 
35,000  to  5000  cubic  feet  per  minute. 

Almost  any  shaft  can  be  prepared  for  this  mode,  by  inserting  a  aheet-iion  or  easMron 
tube,  ur  ))y  cutting  a  recess  in  the  side  of  the  shafl  and  walling  it  ap  with  hricL 
Pitching  ^ouuis  are  peculiarly  adapted  to  this  mode  of  ventilation;  and  where  gu  ii 
plentiful  in  the  anthracite  regions  there  is  no  difficulty  in  its  use  as  a  proper  ventilatbg 
medium. 

In  ordinary  fumaco-vcntilation,  where  the  expansion  of  the  air  may  be  increased 
from  53^  to  105°,  30,VKX)  cubic  foot  of  air  entering  the  mine  per  minute,  «t  a  density  of 
1000,  will  leave  it  at  a  density  of  .8774,  or  .0700  pound  to  the  cubic  foot,  and  with  a 
volume  increased  to  36,000  cubic  feet.  The  amount  of  impurities  taken  up  in  tiw 
mine  in  the  shape  of  carbonic  acid,  nitrogen,  &c.,  from  the  respirati<m  of  300  men  and 
the  burning  i>f  their  lamps,  would  require  less  than  1000  cubic  feet  per  minute,  linM 
each  man  pnHluccs  about  one  cubic  foot  of  carbonic  acid  gas  per  hour,  or  300  aea 
about  5  cubic  feet  per  minute,  which  requires  25  cubic  feet  of  pure  air,  while  th9 
amount  to  support  the  combustion  of  lamps  would  be  still  less:  ther^bre,  when  ire  aj 
1000  cubic  feet  per  minute,  we  allow  a  superabundance  of  air  for  health  and  ail  thi 
purposes  of  the  mine.  If,  however,  the  mine  produces  1000  feet  of  gaa  per  minute^  it 
requires  nut  Ici^s  than  20,0(X)  cubic  feet  to  adulterate  it  above  the  explosive  poia^  <* 
30,000  feet  to  render  it  entirely  safe  and  innoxious.  It  is,  therefore,  evident  that  tb« 
gas  of  our  mines  is  the  great  impediment  in  the  way  of  ventilation,  and  reqnirea  tea 
times  the  volume  of  pure  air  required  for  all  other  purposes.  Consequently,  if  tUa^ 
can  bo  made  an  active  instead  of  a  repellant  agents  the  great  difficulty  of  ventilatioa  if 
overcome. 

The  gases  most  dangerous  to  miners,  next  to  carburetted  hydrogen,  are  carbonic  add, 
carbonic  oxide,  and  nitrogen.  Carbonic  acid  is  produced  by  the  respiration  of  man  and 
animals,  by  the  combustion  of  carbon  in  lamps  or  candles,  and  by  other  canaei  oqd* 
stantly  operating  in  deep  mines.  This  gas  is  fatal  to  life  if  mixed  with  the  ur  to  thi 
extent  of  12  or  15  per  cent.  It  is  a  heavy  vapor,  of  a  density  of  1.548,  and  eaabi 
poured  from  one  bottle  to  another.  It  is  the  lower  stratum  in  all  mines,  as  thecaite' 
retted  hydrogen  is  the  highest.  Lamps  will  not  bum  where  it  exists  in  an  ezoenof 
15  per  cent.     It  is  composed  of  one  part  carbon  and  two  parts  oxygen. 

Carbonic  oxide  is  generally  produced  by  the  imperfect  combustion  of  carbon.  Iti> 
a  compound  of  one  part  carbon  and  one  part  oxygen.  Nitrogen  ia  the  prineilNl 
clement  of  the  atmosphere,  and  is  produced  in  mines  by  the  extraction  of  the  oxy^ 
by  combustion,  or  otherwise.  These  gases  are  all  fatal  to  life,— either  in  their  prop* 
equivalents,  or  when  mixed  with  several  equivalents  of  the  atmosphere.  They  ooe* 
stltuto  the  ''after-damps''  of  explosions,  and  oflen  become  more  destructive  to  life  thii 
the  explosion  itself,  since  the  effects  of  explosions  generally  destroy  all  air-ways  aai 
main  avenues,  and  not  only  prevent  the  escape  of  the  men,  but  prevent  the  carreatiof 
air  from  supplying  the  necessary  v(4ume8  to  render  the  after-damp  innozioaa. 

THE  SAFETY-LAMP. 

Many  regard  the  invention  of  the  milker's  safety-lamp  by  Sir  Humphry  Pa^i 
George  Stephenson,  and  Dr.  Clanny — for  they  are  all  the  productions  of  about  the  mat 
period — as  improvements  in  the  art  and  science  of  mining  and  regard  those  invanM 
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u  benefuton  in  uTiug  life.  But  btmcvar  nliuble  the  aafety-Unip  htm  been,  and 
•till  is,  under  oertiun  circuinstanccH,  and  honercr  irorth;  of  honor  the  diatinguished 
inTeotora  inaj  be,  we  do  not  conBidcr  that  the  Davy  lamp  hu  conduced  to  the  safety  of 
human  life,  or  the  advancement  of  the  Kience  of  mining  in  the  proper  direction,  if  we 
admit  the  reeolte  to  be  good  eTidence. 

Ilad  this  invention  been  fuLlon-od  bj  others  of  a  kindred  natuM,  diiectsd  Bgaiiiit  the 
gre*t  prime  evil,  instead  uf  providing  antidotes,  it  is  probablo 
that  safety-lamps  would  lung  ago  have  taken  the  place  they 
were  intended  to  occupy, — to  show  where  the  danger  existed, 
and  to  enable  the  miner  to  provide  against  iL  But,  instead 
«f  this,  the  "Davy"  has  made  our  miners  indifferent  to  tfao 
danger',  it  bos  given  them  the  meaos  of  living  and  working 
in  the  midst  of  the  Gery  atmosphere,  and  tbey  seem  to  ask 
no  more.  They  are  able  by  means  of  the  lamp  to  (hoe  the 
danger  and  brave  it  for  a  time  with  impunity,  but  in  reality 
it  decreases  their  security.  Had  this  meons  not  been  pro- 
Tided,  efforts  would  have  been  directed  againat  the  evil 
itself,  sod  the  prime  caune  of  the  danger  n-nuld  have  been 
mnored,  instead  of  being  entailed  as  a  cunstant  menaoe. 
.  Th«  consequence  has  been  that  the  number  of  deaths  bj 
(Meons  explosions  in  mines  hns  been  increased  by  ita  use. 

The  nfety-lamp  is,  nevertholess,  a  valuable  inventioii  or 
addition  to  mining  science,  anfl,  if  properly  used,  might  be 
eoDndered  a  benefit  to  the  miner.  But  the  prootioe  of 
VDrkiog  deep  and  fiery  mines  entirely  with  tbe  aafety- 
latnp,  of  sending  hundreds  of  men  to  their  daily  work  in  an  element  rsor4  explosive 
UuB  powder,  and  which  the  slightest  accident  or  oorelessnesB  might  ignite,  cannot  be 
too  Strongly  oondemnod.  Mines  that  cannot  be  worked  otherwise  ought  to  remain  idle 
witil  means  he  devised  to  render  them  safe.  This  can  be  effected;  ead  it  should  be 
eoBsidered  a  crime  to  send  men  to  imminent  death  where  it  is  neglected. 

We  know  it  is  impossible  to  keep  any  deep  and  extensive  mine  entirely  dear  of  ex- 
ploaive  gas;  but  there  is  a  vast  difference  between  the  jets  of  gas  which  are  constantly 
Mcaping,  and  which  may  occasionally  lie  in  the  "headings,"  where  currents  cannot  be 
Carried,  and  the  accumulations  of  the  whole  mine. 

The  danger  end  the  difficulty  can  be  overcome  only  by  removing  the  prime  cause;  and 
flie  Mfety-lamp  cannot  be  considered  of  any  real  benefit  to  the  miner  so  long  as  it 
diverta  attention  from  the  main  object.  It  may  bo  of  temporary  service  to  both  miner 
And  operator;  but,  if  used  as  a  permanent  preventive,  it  ultimately  proves  falso  to 
botb,  and  brings  ruin  and  death,  instead  of  profit  and  safety. 

The  Davy  lamp  was  introduced  in  1815,  and  the  "Geordio"  of  Stephenson  and  the 
Clannj  lamp  of  Dr.  Clanny  viere  invented  and  made  use  of  about  the  same  timf.  The 
int  safety-lamp,  hunetcr,  was  made  by  Br.  Clanny,  in  1814 ;  but  it  was  too  large  and 
■nmbrous  fur. general  use,  being  insulated  by  water,  and  fed  by  complicated  coutrlvances. 

The  coocluaions  arrived  at  by  twth  Davy  and  Stephenson  were  the  results  of  practical 
•BpMimenta  and  scientiiiu  deductions.  They  buth  discovered  that  carbonic  acid  or 
aiotc  (uitrogon)  cilinguished  flamo,^  Stephen  sou  by  the  fact  that  the  burned  air  from 
■  candle  extinguished  a  jet  uf  burning  gas,  and  Davy  by  determining  that  one  part  of 
carbonic  acid  with  seven  parte  of  corburettcd  bjdrogen,  or  one  part  of  azote  with  six 
Mrta  of  fire-damp,  rendered  them  non-cipIoHivc.  They  also  found  by  experiment  tbat 
lame  would  nut  paaii  through  small  tubes  or  holes.  Davy  made  use  of  iron-wire  gauie 
of  one-fortieth  or  one-sixtieth  of  an  inch  diameter,  with  28  wires  or  7H4  apertures  to 
til*  square  inch;  while  Stephenson  at  first  used  punotured  tin  plates,  but  afterwards 
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improTed  his  lamp  by  asing  glass  and  wire  ganxe.    The  differenoe  in  the  Dftvj  kmp 

and  the  Stephenson  lamp  is  this: — 

In  the  Davy  the  air  has  access  through  the  meshes  of  the  wire  ganxe  on  all  ndes,  and 
when  immersed  in  an  inflammable  mixture  the  cylinder  is  filled  with  flmme,  and  hmb 
tiocomes  red-hot:  the  oil  ceases  to  burn,  for  want  of  oxygen,  but  the  gas  remaioi 
ignited  while  the  lamp  continues  in  this  condition,  and  the  passage  of  the  flame  ii 
prevented  only  by  the  radiation  of  heat  from  the  wires.  In  this  condition  it  is  dai- 
gerous. 

In  tiie  Stephenson  lamp  the  air  is  admitted  through  only  a  few  meshes  of  the  win 
gauze  within  a  glass  cylinder,  the  latter  preventing  the  entry  of  any  air  or  gas  fron 
the  sides :  consequently,  but  a  small  portion  of  gas  is  allowed  to  enter,  and,  the  interior 
of  the  lamp  never  being  filled  with  flame,  no  injury  can  result.  In  explosive  mixtursi 
there  not  being  a  sufficiency  of  oxygen  to  support  combustion,  and  not  a  sofieieot 
quantity  of  gas  to  support  the  requisite  temperature  for  its  inflammation,  the  light  ii 
extinguished. 

The  Stephenson  lamp  is,  therefore,  a  perfectly  safe  one^  and  not  liable  to  the  objeetioM 
ofiorud  against  the  use  of  these  lamps  in  the  preceding  pages,  because  it  will  not  ban 
iu  a  dangoi\>us  or  explosive  element. 

The  Clanny  lamp,  as  improved,  produces  more  light  than  either  the  Davy  or  the 
Stephonsitn,  but  is  more  dangerous  than  the  latter,  and  perhaps  than  the  former,  be 
eauso  it  is  prt>teoted  on  the  sides  by  glass  only.  The  principles  of  insulating  the  flaiM 
and  )»assing  the  air  in  and  out  of  the  lamp  through  wire  gauze  are  the  "same  as  in  the 
lam{vs  mentioned:  in  fact,  all  the  improved  safety-lamps — and  there  are  a  great  masy 
of  thom^outain  these  principles  of  the  Davy  lamp. 

Among  others,  we  may  mention,  in  addition  to  the  foregoing,  the  Museler,  a  Belgia 
lamp,  much  like  the  Clanny ;  the  Boty,  a  modification  of  the  same;  and  the  Eloin,  witk 
an  argand  or  flat  burner,  a  glass  cylinder,  and  a  copper  cap,  something  like  those  iwi 
in  our  coal-oil  lamps,  around  the  flame.  It  is  easily  extinguished.  In  addition  tothw 
ant  the  Glover  lamp,  with  a  dimUe  glass  cylinder  for  protection  in  case  of  accident,  the 
Upton  &  Roberts  lamp,  whioh  **gi>e9  out"  in  an  inflammable  mixture,  and  the  HaD 
and  Fife  lamps,  having  a  double  cap  of  wire  gauze,  with  glass  cylinders. 

When  lamps  on  the  principle  of  the  Davy,  with  a  covering  of  wire  gause  alone,  ait 
used,  great  precaution  should  be  used  in  withdrawing  them  when  the  internal  conboi' 
tion  of  the  gases  takes  place,  or  when  the  wires  of  the  gauxe  become  red-hot,  as  •■ 
explosion  is  then  imminent. 

Lamps  having  glass  cylinders  should  be  carefully  used ;  and  the  admission  of  air  iaio 
the  interior  of  the  lamp  should  be  so  regulated  as  to  prevent  the  combustion  <^  the  gaM 
within  the  cylinder ;  while  those  with  single  tops  of  thin  wire  gauze  are  not  a  sbI' 
cient  protection  against  accident. 

The  Stephenson  lamp  and  those  on  the  same  principle  are  the  only  tme  aafety-lamia 
They  will  not  bnrn  in  a  dangerous  or  explosive  mixture,  and,  consequently,  cannot  be 
usod  where  men  should  not  be  allowed  to  work.  The  great  objection  to  the  "  Geerdie' 
ij«  its  small  emission  of  light.  The  same  principle,  however,  has  been  improved  bvMr* 
T.  Y.  Hall,  and  others,  until  their  lamps  emit  more  light  than  the  Clanny  or  the  Ihrj, 
and  is  bo  constructed  that  they  will  nt>t  bum  in  a  dangerous  mixture,  and  yet  oontxstt 
to  give  light  until  the  danger  is  really  immin'ent.  Precautions  against  aocideDti  tf* 
taken ;  and  the  miners  cannot  lif/hi  their  pipes  by  sucking  the  flame  through  ike  sidet,  M 
iu  the  Davy  and  other  lamps. 

Under  bucIi  impnn-ements,  a  real  safety-lamp  may  be  had,  against  the  use  of  which 
there  can  bo  no  t>l)jootion,  except  those  before  made  against  the  general  use  of  Baftty* 
InmpH  in  mining  operations  as  a  protection  fn^m  the  danger  whioh  ought  rather  to  be 
removed.    This  can  be  done  by  the  ordinary  means  of  yentilation ;  but,  as  we  ksit 
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ihown,  this  dangerous  and  troublosome  element  may  not  only  be  rendered  inoffensire 
and  safe,  but  may  be  converted  into  an  active  agent  in  promoting  perfect  ventilation. 
The  plan  is  simple,  economical,  and  entirely  available.  We  commend  it  to  the  attention 
of  all  those  who  may  have  fire-damp  to  contend  with ;  and  we  may  restate  the  principle 
in  a  few  words. 

Carburetted  hydrogen  gas,  or  the  fire-damp  of  our  coal-mines,  being  very  light,  and 
having  a  much  greater  ascensional  power  tlian  the  air  rarefied  by  our  ventilating 
furnaces,  always  ascends  to  the  highest  points  of  the  mine  or  working,  seeking  the 
means  of  escape ;  and  if  those  means  were  provided  the  gas  would  rush  out  of  the  mine 
with  great  velocity.  Therefore,  if  the  return  air-courses  were  so  constructed  that  the 
gas  would  invariably  ascend  U)  them  and  in  no  case  have  to  descend  in  its  exit,  it  would 
not  only  escape  as  fast  as  it  issues  from  the  fissures  of  the  coal  or  slates,  but  would  also 
create  a  current  by  the  velocity  of  its  movements,  and  supply  a  certain  and  reliable 
means  of  ventilation:  it  would  at  once  reduce  the  ventilating  column  from  5  to  1,  since 
the  adulteration  of  the  gases  beyond  the  explosive  point  takes  up  the  great  body  of  air 
required  in  fiery  mine<<.  It  is  estimated  that  1000  cubic  feet  of  gas  requires  30,000  cubic 
feet  of  air  to  render  it  perfectly  safe.  Therefore,  if  the  gas  was  allowed  to  escape 
readily,  a  large  amount  of  this  might  be  dispensed  with. 

MINING   COAL. 

As  there  are  numerous  modes  practised  among  miners  in  "getting  coal,"  or  mining 
t4  aa  it  is  technically  termed  in  the  anthracite  regions,  we  vrill  describe  several  of  the 
modes  in  general  use. 

In  the  red-ash  seams  of  the  anthracite  regions,  a  stratum  or  band  of  soft  clay,  slate,  or 
imperfect  coal  is  often  found,  which  is  known  among  our  miners  as  **  under-mining.'' 
This  is  dug  out  from  under  the  coal  or  from  between  the  benches,  as  the  case  may  be, 
with  small,  sharp,  and  long-handled  picks.  If  the  band  is  of  snfiicient  size,  the 
"holing"  is  carried  in  from  three  to  four  feet,  entirely  across  the  breast ;  or  if  the  coal 
immediately  over  the  '^  mining''  is  of  a  nature  to  be  removed  without  much  labor  and 
waste,  the  same  thing  is  accomplished.  But  if  the  stratum  of  mining  is  thin  and  the 
aGcompanying  coal  hard  and  solid,  the  holing  is  not  made  so  deep.  In  either  case  the 
coal  is  said  to  be  "under-mined"  when  in  this  condition,  and  is  then  thrown  down  by 
powder  or  iron  wedges.  Sometimes,  when  **  slippy"  or  weak,  it  will  fall  without  further 
exertion  on  the  part  of  the  miner;  and  in  such  cases  he  is  careful  to  leave  small  "posts" 
of  mining  until  the  last.  These  are  then  pried  out  with  a  long  pike,  or  dexterously 
knocked  out  with  the  pick. 

This  process  is  known  as  "  kirving,"  in  some  parts  of  England ;  but  there  in  the 
bituminous  seams  the  kirving  or  under-mining  is  generally  made  in  the  coal  at  the 
bottom  of  the  seam,  which,  however,  could  not  be  done  in  anthracite  seams,  on  account 
of  its  hardness.  Therefore,  where  "  mining"  does  not  exist  in  a  seam^  the  coal  is  got  by 
blasting  it  out  with  powder ;  and  in  small  seams  the  intelligent  and  experienced  miner 
shows  much  skill  in  keeping  his  breast  in  working  trim,  in  order  to  give  advantage  to 
the  force  of  the  blast  by  getting  his  powder  in  the  back  of  the  coal. 

Biost  of  our  large  white-ash  seams  are  mined  entirely  by  the  "  blasting"  process.  In 
the  Mammoth  bed,  which  is  generally  from  20  to  30  feet  in  thickness,  the  lower  bench 
18  blasted  out,  much  the  same  as  the  whole  coal  is  worked  in  the  small,  solid  seams 
whore  under-mining  does  not  exist ;  or,  in  other  words,  the  large  seam  is  under-mined 
by  blasting  out  the  bottom  bench  by  a  number  of  small  holes.  When  this  is  done,  the 
great  mass  of  the  top  is  either  ready  to  fall,  or  may  be  easily  thrown  down  by  a  few 
well-directed  "  shots," — that  is,  holes  drilled  into  the  coal  to  a  greater  depth  tlian  ordi- 
dary,  and  in  the  proper  places, — and  by  the  use  of  larger  bodies  of  powder. 
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Siimotlinon  mAS»{4  of  a  han-lr^l  tons  are  thrown  down  at  once  in  those  large  wtmii. 

Tho  iuihIi'!«  i<f  otcavAtinc  «> ^il  in  Vr^a.«t«  or  chambcrH  is  much  the  same  in  all  tlie 

niiihr;»»'itr  rt* cu-n*.     Tb-?  ^  tvas':*  ir*  Zr::^ rally  carried  directly  up  the  dip  of  the  Bmn, 

iiu.i  iirt*  iVm  1  ■■  :    r "  ^  iri-  -r'. :-.  wit-  a  pillar  on  either  side,  and  a  9hute  in  the  middle 

.M  .  n  ivv»  1.  >i  :■.    :ckri..  -.1  »  "-i  --i-i  :  "..at*.     But  when  the  Fcam  is  not  steep  enough  for 

iVi*  .•  a\  1.    ;:"■*•  '^"Ti  ■•-  *- i^   -•  "»-  — -^  in'?rmc  of  the  shutc^  cars  are  taken  into  the 

i,ri\-^*-*  ;-  c:.bj:.'.'"^  '^*-  *  •**-    •"^■-TJ  — r  "^^  **™<^  position  m  the  shutes,  except  that 

\>i   -  s.>  r..T  .u''  i- — •**  •-i"-   -  7  :a<^*l  '^f  directly  with  it.     When  shutes  ire 

I  w  .     ■»  •  n  •■••  ii*  ▼•  :  >  ■•  itL'.z'.    -if^:.  »nl  it  is  luiidi'd  into  the  cars  at  the  bottom 

».!.:■    ■«  :.    :  -ju.-:-  ^  ni  iie  zi^i  gangway;  but  when  the  cars  are  taken  inro 

-    . -^    -       n  ••••-:•  ri  ■:::■•   .-;«lI   !".rv::  into  them,  and  thev  eo  to  the  eurfaoe 

.  -■    -  -  :...:  .'■  :^      Ti-Tf  LTf  =.  >r.  Scat  ions  of  these  modes;  but  those  fpvci- 


...     *: 


>   -  -  US-  .'.   ::•'  1-'  :-*^""J  ^--  -?  •"'f  Pennpylvania  are  pitchin;^  seamp,  and 

-    «  •    -  .    — :rf    :' -Ji^lr  lasin".     Those  which  dip  at  40°  and  abjre 

.,    ^    :,     -.^      -     -'■ij'.-  i-z  :  *i:ii:e  ur  rwM*,  and  no  other  mode  can  be  more 

,  -^  ^    1     .  :  .  •  i    '.  *"    r  lo^s!  I'tin  be  mined  bv  breast  and  cars  witLoot 

i.  .      -     ^  :■--'•    J  "'■  u<o.    But  tho  inter>ening  dips  are  diiEcuIt  to 

.    ...   . .   .  ^N.  ^  i  •  :  .i,-v  ^aenilly  the  most  expensive,  under  equal  circnm* 

^    ^  .  -   -     ^-.v     ■  uj:h  tor  the  shute  methttd  without  planking  or  tk« 

■  al  may  slide  frtnn  the  miner  to  the  car,  and  are  tow 

.►,.    .f,.    ;-e    f*  -iio  car,  which  cannot  l>e  successfnllj  nscd  on  strep 

^     ^  . .      ,.  ti..    '.*  :!••  ivtVcw  of  the  present  system,  which  cannot  be  remedied 

...        *.»•.,  kii'i'U'd;  and  many  of  our  miners  are  convinced  that  the 

^     .  ^  <.    «.  -^  ^    V  -ii«<u'dcd  to  our  peculiar  dips.    But  this  is  a  mistake,  uvc 

.  ^  .     ^»  -       •  ^  T^T-wling  chapter. 

..     rutHtHry  ^t  panel  and  barrier  system,  all  this  difficult j  woold  be 

^•^  t?<*  >r  iiK'liues  tho  cars  could  be  taken  into  any  breast  or  chamber, 

>s.    .    .'t<.  with  ease  and  economy;  and  not  only  would  this  improre 

^     .^^    K.      i%   »  ^nniter  one  would  bo  accomplit*hed  by  the  means  it  offers  fcr 

.  .v.  -» ..    ■     *.'   "^  '•'^•^  antl  the  ability  to  sweep  the  workings  constantly  with  pare 

^v.     •  <^M.**ti  ».     In  tint  seams  thcro  is  moro  choice  of  the  ways  and  means  of 

^  .^     V    v.«.     Mr  vio  Oiin  advise  no  better  mode  than  the  boundary  system,  and  the 

*S****"^":^  ^^^^*  inclines,  since  the  cars  may  be  taken  by  horses  intoiny 

^    *..!.»•  1*  '>'Tt»  ih  .*  seams  arc  of  sufficient  size.     "When  they  are  not,  the  roof 

>    *^  ..  .1  »« '»  vT  tho  bottom  dug  up  to  admit  them,  or  "trams**  may  be  used. 

.^     .......    -i   'ir.ii-.v;;  bituminous  coals  are   perhaps   more  numerous  than  tboK 

.    «.    .to  iM'.Nrttk'ite  mines.    In  the  extensive  English  mines,  perfect  systems  are 

^    .    .  .•« .  ^^'^  vN  S  i^xton^ive  practice  have  pn)vcd  most  economical  or  available  in 

.'  f  ih.»  !«oam  and  its  peculiarities.     The  board  and  wall  system,  witbita 

'\4- t-ioHt,  \*f  the  Xorthumberland  and  Durham  districts,  appears  to  be  the 

..  ,  :■!*•  •»  umxUt  all  oinnimstanccs ;  while  the  "long-wall,"  as  adopted  in  Lanea- 

•<.%  h»i»i. ■**«•>•.  A\u\  elsewhere,  seems  to  claim  equal  merits  under  certain  circniB- 

*^  i   u  «Mir  bituminous  coal-fields  neither  of  thcso  systems  is  in  general  oie, 

,  ^   s.i^  -t^r^^lv  adoptoil.  though  in  all  cases  ono  or  the  other,  with  their  jwfos 

••I...  •"••.  ^\MiM  .idd  much  to  the  economy  of  mining  coal  eyen  when  done  on  a 

1,    u   .»  .'«  .»ur  WoHtcru  mines,  narrow  chambers  are  carried  forward,  without  tp' 

V  .It  ,,«<<;-niii(\  with  tho  natural  undulations  of  tho  seam,  which,  even  when apps* 

^  ,  -^   ♦» ..  H  .Ml  iV   ^'.oi^Trtlly  hiivo  an  inclination  in  a  given  direction,  or  rolls  with 

,.  »i...»n?iu.'M«     'V\w  ohsimbors  an*  frequently  very  narrow ;  we  hare  often  found 

J»,  u   xs.*  »N  ^u  iwoUo  iVct  wide:  consequently,  the  trimming  or  cutting  with  the  pick 
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&0t  only  AmUai  die  obit  of  milling  the  ooal,  but  destroyv  »  grett  portion  of  ft  lif  broidc- 
4g  H  into  sniftll  oool  or  dnat ;  while  in  the  long-wall  work  a  mnch  latger  amount  of 
Ml  fa  obtained  in  a  large  merchantable  condition,  with  at  least  half  the  woric. 

We  are  mneh  siorpriBed  at  the  primitiTO  manner  in  which  those  Western  mines  are 
Hriced  ev«i  in  oomparatively  old  districts,  though  operated  by  praotical  Englirfi 
■taien,  ooATersant  with  the  improred  systems. 

We  think  long-wall  advancing  may  be  used  in  most  of  onr  limited  Western  minee 
Ebofe  wator-lerel  when  timber  is  plentiftil,  or  the  roof-rock  arailable  fbr  bniiding  road>- 
raja.  But  in  all  cases  substaDtial  pillars  should  be  left  along  the  permanent  avennes : 
fj  tfiia  means  nearly  all  the  coal  in  the  seam  can  be  obtained  at  one^half  the  present 

Where  the  timber  is  scarce  or  the  roof-rock  not  arailable  fbr  building  protecting  walls 
dong  the  roads,  the  board  and  wall  system,  or  a  modification  of  it,  as  shown  on  page 
U^  may  be  profitably  adopted,  or  the  long-wall  mthdrawing  may  be  used  with  much 
none  eeottomy  than  tiie  present  system  of  chambers.  We  think,  however,  the  board 
mA  wall,  or,  as  we  might  call  it,  the  breast  and  pillar  method,  when  laid  out  in  bounda- 
lei^  with  the  pillars  left  large  and  withdrawn  as  soon  as  the  breasts  reach  the  barrier, 
fc  the  best  under  all  circumstances,  either  for  the  moderately  pitclung  anthracite  seams 
m  tiie  horifontal  and  undulating  bituminous  seams. 

We  would  like  to  give  more  definite  information  on  this  important  and  intereating 
irilfeGt^  in  order  to  impress  upon  our  miners  the  utility  and  benefits  of  the  improre-' 
iMBli  and  to  enilble  tiiem  to  make  use  of  them;  but,  except  by  the  engineer,  a  subject 
b'abatmse  cannot  be  ftdly  c(»nprehended  without  the  aid  of  plates  and  diagrams.  We 
■i  maty  to  add  that  our  practical  miners,  managers,  and  mining  engineer,  haTO  giren 
ki  Mtljeot  of  economical  mining  littie  or  no  attention.  Tliey.iiiay  hare  son^  to  mine 
oil  as  cheaply  as  possible  by  the  old  and  wastefol  systems,  as  tiiey  hare  been  fisreed 
A  timet  to  do  from  stem  necessity.  But  littie  or  no  improvements  have  been  attempted 
•  adnpting  better  and  more  economical  modes  to  the  peculiarities  of  our  coal-fields 

COAL-CUTTING  MACHINEBT. 

We  have  often  heard  miners  say  that  it  would  be  impossible  to  substitute  machinety 
yr  their  labor  in  cutting  coal,  and  that  their  trade  or  occupation  could  not  be  interfered 
riih  by  modern  inventions.  We  cannot  understand  the  desire  of  the  coal-miners  to 
wnopolixe  their  laborious  and  dangerous  employment;  and  we  think  that  any  im- 
torement  or  invention  tiiat  would  lighten  their  labors  must' prove  a  blessing  to  them 
Mead  of  an  injury.  In  their  case,  as  in  that  of  all  others,  any  substitution  of  ma- 
hlnery  fi>r  manual  labor  not  only  lightens  their  burdens,  but  adds  to  theb  pay  and 
lenases  the  sources  of  employment.  If  machines  were  introduced  to  do  the  "holing" 
r  nndermining,  it  would  cheapen  and  increase  the  production  of  coaL 

It  ia  not  probable  that  machinery  will  be  produced  to  mine  coal  in  our  whitc- 
•h  hUuting^eams ;  but,  for  the  purpose  of  mining  or  holing — "kirving,''  as  the  Eng- 
eh  miners  say — in  bituminous  coal-seams,  they  are  already  successfully  at  work  in 
Bferal  of  the  English  collieries.  The  plan  is  very  simple,  and  avulable  in  hori- 
OBtal  seams,  or  in  those  having  a  gentle  dip;  while  it  may  be  used  in  seams  of  con- 
iderable  pitch. 

There  are  two  modes  in  use,  both  as  to  the  means  of  giving  motion  and  the  character 
t  the  motion,^-compre8sed  air  or  steam  in  the  first,  and  the  circular  motion  or  thrust 
I  the  aeoond.  We  think  compressed  air  with  the  thrust  motion  is  the  best,  since  the 
■e  of  air  adds  to  the  ventilation  of  the  mine  when  below  water-level,  and  particularly 
I  deep  and  fiery  mines,  while  the  thrust  motion  dispenses  with  the  necessity  of  com* 
lieete  machinery. 
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Air  is  oondtDSod  bj  a  BtatloDary  engine  placed  at  the  top  of  the  mioe,  or  bj  an  atlMl 
roont  to  the  rods  of  the  pump,  and  is  confined  in  appropriate  reservmra  in  oonTeoiei 
parts  of  the  mine,  to  which  it  may  be  conveyed  by  pipes;  or  portable  aiiH^linden  c 
whooU  are  filled  by  the  air-pump,  and  conveyed  to  the  breasts  or  chambers  by  the  ovd 
nary  ruads  used  by  the  coal-cars.  The  machine  for  catting  coal  is  Tarionaly  made,  In 
the  ono  which  we  think  most  simple  and  perfect  is  a  plain  cylinder,  with  a  thnutiB 
bar  or  pick  attached  to  the  pbton.  This  is  securely  attached  to  a  frame  with  whes 
and  rati^hot,  and  is  placed  on  a  temporary  track  securely  fastened  down  along  the  £h 
of  the  oiHkl. 

Whon  in  place,  the  working  cylinder  is  connected  with  the  air  cylinder  or  reserroi 
bv  luoauti  of  a  flexible  tube,  and  the  operator  starts  it  to  work  by  a  hand-lever,  ss  h 
would  a  Htoam-eugine.  The  thrusting  bar  is  forced  forward  against  the  coal,  or  in  tfa 
**  milling."  until  a  fair  ivmmencement  is  made,  and  a  full  cut  of  a  foot  or  cigfaten 
iiu'hi'^  obtaiued.  The  maohine  is  then  thrown  into  self-acting  gear,  and  the  thnutiDj 
liar  v>r  |>u*k  works  rapidlv.  while  ihe  apparatus  is  moved  slowly  forward  by  a  huu 
ruu*hi'C«  or  U  self-a^'cinij:.  (laoh  thrust  of  the  pick  takes  off  a  thin  slice  of  the  cos 
ilio  lull  leu^ch  of  the  stroke,  and  as  the  machine  is  moved  forward  the  '*huling"if 
iiiulo  tho  full  breadth  of  the  breast  to  the  depth  of  the  thrust,  say  18  inches,  hj  3 
1 110 hot  III  hoif^Kc.  The  thru:»ting  bar  is  then  removed  and  a  narrower  one  made  useo( 
iMjk  vi  uiohiM  ill  »i«e.  of  cutting  edge.  The  machine  is  then  worked  backwards,  and  the 
mhaoaU  cu(  tM  luade  ai*r\>9s  the  breast  until  the  holing  is  from  two  to  three  feet  decf^ 
iuuk^idibj^  t\»  the  length  of  the  stroke.  If  the  stroke  is  only  12  inches,  three  cats  are 
ui;uto,  liu(  it*  IS  iuohes,  two  cuts  will  do,  unless  the  ** holing"  is  required  to  be  orei 
ihiiio  loo(  dvH>|k.  Three  feet  is  not  a  limit,  however,  to  the  ''holing"  by  this  machtse, 
ftiiu-o  ib  ouu  lie  carried  to  the  depth  of  five  or  six  feel  if  necessary,  and  a  cut  three  feci 
d\H>p  044U  U^  made  if  desired.  The  piston  may  work  at  the  rate  of  60  strokes  per  minute, 
uuil  i^oh  uut  may  take  off  a  slice  of  coal  from  oo&^ighth  to  one-quarter  of  an  inch  is 
thiokuecM, — say.  for  example,  one-fifth,  which,  at  60  cats  per  minute,  would  mine  \i 
iuoheM  ]»or  minute  18  inches  deep:  consequently,  it  would  hole  30  feet  in  length  bjS 
tWi  deep  in  an  hour,  and  this  would  be  the  minimum  duty.  It  can  be  made  to  doohk 
that  duly  by  working  faster  and  taking  larger  slices,  depending  on  the  power  of  the 
uiaohiuii.  But  at  the  rate  mentioned  it  would  undermine  10  breasts,  30  feet  wide,  tt^ 
the  depth  of  3  feet  each,  in  12  hours,  allowing  2  hours  for  removing  and  placing  tb< 
machine  10  times,  which  would  bo  ample,  since  the  operation  is  simple;  and  by  hsviog 
two  sets  of  rails  and  racks,  the  breast  can  always  be  prepared  for  the  machine  in 
advance. 

To  accomplish  the  work  done  by  this  machine,  30  men  vrould  find  enough  to  do.  Bat^ 
to  be  within  bounds,  we  will  say  that  ten  men,  with  the  aid  of  the  machine,  would  do 
more  work  than  thirty  men  without  it,  and  with  this  advantage: — ^the  heavy  work  if 
done  by  the  machine,  and  its  breathing,  instead  of  vitiating  the  air  in  the  mine,  sddi 
greatly  to  its  amount  and  purity,  particularly  in  the  locality  where  used. 

The  illustration  given  in  figure  12,  in  the  early  pages  of  this  book,  represents  tbe 
operation  of  the  iron  miner^  but  the  plan  there  represented  shows  the  circular  or  crank 
motion.  The  motion  of  tlic  pick  is  much  the  t>ame  as  that  given  by  the  miner.  It  mar 
bo  equally  effective  in  operation,  but  the  machine  cannot  be  constructed  with  as  muck 
Bim])licity  as  when  the  direct  tlirust  is  used. 

There  can  be  little  doubt  of  the  utility  of  those  machines  for  mining  purposes  ia 
diM)p  and  gaseous  bituminous  mines,  and  we  think  their  general  adoption  in  all  ou 
bituminous  mines,  where  the  cars  can  be  taken  into  the  breast,  is  only  a  qae9ti<« 
uf  time.  Our  coal-miners  need  not  be  jealous  of  this  competitor,  since  he  will  sol 
only  lighten  their  labors,  but  will  extend  their  usefulness  and  the  sources  of  theit 
employment. 
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n«  writer  knom  MmethiDg,  ezpcrimenUllj,  oT  kirring  or  noder-miaing,  uid  oftn 
Mj  potidvelj  tbkt  then  is  no  more  tedions,  taboriotu,  uid  drMome  work  parfimued  bj 
bona  uid  miuelo.  We  therefore  hbil  the  advent  of  the  "  Iron  Hiner"  u  the  preoutaor 
of  betUr  timas  for  the  cooI-mineTe.  We  mty  task  him  without  remorse  uid  without 
■tint;  he  will  work  i&  fire-damp  or  choke-damp  without  injurj  to  oonstitutioii  or 
tfrength,  and  will  drudge  with  tiielan  aotirity,  t«  the  relief  of  the  hard-working  and 
poorij-paid  "  kirrers." 
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CHAPTER  XXIV. 

THE  PRAOriCAL  DEVELOPMENT  OF  MINIS. 

DrifU— TanneU,  Ac— I>rainac<'  by  Tuuneli  or  Adits— Slopes  versus  Shafta— Hardnea  of  the  mpectiw  Stnttia 
Uio  Aiitliracito  Mcanurc*— Locution  of  Mine*— Table  of  Di«tauce«,  Vertical  and  Ilorizontal,  thnnigli  tbe  AnUn- 
t-lto  (\ial  Mi'titfunii— Milling  MacbiniTy— Lifting-Power — Size  and  Style  of  EngiDea — Boiler-Capacity— 8iii|le 
and  lK>ubK>  CouufCttNl  Euginea  fur  Huisting  Coal — Drums  au«l  Kopvd — Box  Cage* — PDeomatlc  Litt»-8ifet7' 
Cu^;:**,  TmvvUiiipU(Ml!<,  Ac. — rnniiunp-Mat'hinery — Coruiifh  Piimpin^-Machinorj' — Rales  and  Tal>lea— Hon*' 
I*o^,,r— Steam— Air— Water— IHaiiu'tirrit-^Weigbta — Bvp(N»— CUaina- Outiiide  Fixturua  Mining  JEcotMaj- 
Itnprt>vomoiiti« — \Vat<to  at  tbe  Minus. 

In  o|H'niii|;  and  practically  developing  mines  of  coal,  much  depends  on  the  natnial 
oi>ndition  in  which  the  coal  exists.  In  some  localities  the  coal  is  entirely  in  the  moiiD* 
tuiuH  and  alxtvc  water-level,  as  shown  to  be  generally  the  case  on  the  Great  Kanavb 
Ktvor  in  West  Virginia  and  many  other  places  in  our  Western  bituminous  coal-fields; 
whilo  in  others  part  of  the  coal  is  above  and  part  below  water-level,  as  in  the  anthnr 
i'ito  (H^l-tields  of  Pennsylvania,  the  vicinity  of  Pittsburg,  and  many  other  places;  lul 
iu  other  instances  the  coal  is  almost  entirely  below  watei4eTel«  aa  in  the  KichmuDd 
c«»al-tlt^ld,  the  English  Newcastle  mines,  &c.  &c, 

PriftHileTolN,  or  gangways,  are  generally  employed  above  water-level  when  the  ma 
can  be  approached  withoat  tunnelling  throu^  the  overlying  or  underlying  rodl 
AVhen  this  is  ntvessary.  rock  tunnels  are  need,  as  shown  in  figure  139,  where  timiMii 
are  made  use  of  t)  reach  the  seams,  below  water-level,  though  both  underlying  vA 
itvorlying ;  but  aU^ve  water-level  tunnels  are  seldom  required  to  penetrate  the  aDdfl^ 
lying  strata  in  onler  to  reach  the  seams.  This  condition  sometimes  happens, -however, 
where  the  seams  have  a  low  angle  of  dip  into  a  mountain-side,  and  cannot  be  foUowei 
by  drill  on  the  seam  on  account  of  water.  In  this  case  a  tunnel  is  started  bekv 
the  seam  and  run  in  under  it  until  the  ooal  is  reached. 

Tunnels  are  galleries  or  subterraneous  passages  cut  in  the  rock ;  and  "  drifts,"  * 
technically  called,  are  avenues  of  the  same  description  cut  through,  or  in,  the  ooiL 
Wo  will  not,  howovor,  dwell  on  these,  as  they  have  been  partially  described  in  thepi^ 
ceding  pages.  Tliey  are  tlio  simplest  modes  of  mining,  and  should  always  be  mtde 
use  of  where  tlioy  can  bo  mtyle  available.  As  a  means  of  draining  mines  they  ai« 
most  effective,  and  may  bo  made  use  of  to  a  much  greater  extent  than  they  are.  Ftf 
instance,  a  slope  may  be  100  yards  deep  and  productive  of  a  large  amount  of  witff. 
which  requires  tlie  expenditure  of  $20,000  in  machinery  and  pumps  for  its  draina^ 
besides  a  constant  expense  of  from  20  to  30  dollars  per  day  in  labor,  oil,  coal,  Ac*  ^ 
keep  in  operation  while  the  "  lift"  may  last, — say  for  five  years, — or  a  total  expense  rf 
$02,000.  This  drainage  may  be  effected  by  tunnel,  in  many  instances,  by  one  of  fi«B 
250  to  500  yards  in  length,  which  at  $40  per  yard  would  only  cost  from  $10,000  to 
$20,0(X).  In  many  cases  where  much  water  exists  and  powerful  and  costly  machinei;' 
made  use  of  to  drain  the  mines,  it  would  be  better  to  drive  a  mile  of  tunnel,  if  availabki 
tlian  to  erect  machinery  and  entail  the  expense  of  constant  drainage.  We  may  iastiict 
tlie  Wiconisco  mines  at  Bear  Ridge,  the  Room  Run  mines  at  Nesquehoning,  and  90 
iff  tho  Wilkcsbarre  mines ;  since  one  tunnel  would  drain  several  operations. 

The  oimt  of  tunnelling  in  the  anthracite  regions  varies  from  $25  to  $75  per  lineal  JiA 
whnri  ininem  receive  about  $1.50  per  day.  The  cost  depends  on  the  measures  throe^ 
whiiih  tho  tunnel  may  be  driven,  as  shown  by  the  table  on  another  page.    For  initaiM^ 
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»  measares  between  the  Seven-Feet  and  the  Mammoth  are  soft  shite,  and  can  be 
rked  at  a  low  price ;  the  same  in  the  vicinity  of  the  Primrose  and  the  Big  Tracy. 
%  in  the  vicinity  of  the  Lewis,  the  Holmes,  and  the  Buck  Mountain  the  rocks  are 
7  hard,  and  the  cost  is  materially  increased. 

SLOPES. 

[n  the  anthracite  regions,  where  the  seams  dip  at  a  high  angle,  slopes  dug  in  the 
im  and  following  its  dip  are  generally  made  use  of,  in  the  manner  set  forth  in  figure 
),  and  as  represented  in  several  illustrations  on  other  pages.  This  mode  is  the  most 
ulable  one  that  can  be  adopted  under  such  circumstances,  in  our  deep  basins.  The 
tt  of  labor  in  sinking  slopes  is  less  than  that  of  tunnelling,  or  perhaps  about  equal, 
ten  timber  and  the  cost  of  drainage,  &o,  are  included,  and  is  only  one-fourth  the 
It  of  shafting  as  an  average. 

rhe  cost  of  labor  in  sinking  slopes  ranges  from  25  to  50  dollars  per  yard,  and  that  of 
illing  from  100  to  300  dollars  per  yard.  If  we  take  the  minimum,  the  cost  is  four 
lea  greater ;  but  if  the  maximum,  the  cost  is  six  times  greater.  A  slope  100  yards 
ip  may  cost  $5000  for  labor,  but  a  shaft  of  the  same  depth  would  cost  $30,000  in  the 
ne  proportion. 

Lt  a  dip  of  45^  it  would  require  a  slope  1500  feet  long  to  reach  a  barin  1000  feet 
Bpv  and  the  difference  in  cost  would  be  $75,000  in  favor  of  the  slope ;  and  as  100 
rds  of  a  lift  is  as  much  as  can  be  economically  worked  in  seams  of  this  pitch,  the 
d  oould  be  mined  by  the  sloping  process  with  much  more  availability  than  in  the 
ift.  The  shaft  must  go  down  to  the  basin,  and  the  coal,  when  mined,  is  with  much 
lenity  brought  down  the  long  range  of  dip  or  *'  breasting,"  by  inclines  or  otherwise. 
I  the  coal  and  fdl  the  water  must  therefore  be  lifted  a  thousand  feet  through  the  shaft, 
len  one-fifth  of  it  would  only  be  lifled  that  distance  vertically  in  the  slope,  though 
I  increase  of  length  would  be  nearly  one-third ;  but  this  does  not  increase  the  cost 
the  same  proportion,  since  the  same  power  in  machinery  will  lift  water  1000  feet 
^  through  1500  feet  of  pipe  at  45®  as  easily  as  1000  feet  high  through  1000  feet  of 
rtical  column,  while  less  powerful  machinery  is  required  to  lift  the  coal  1000  feet 
jh  at  an  angle  of  45°,  nnd  a  distance  of  1500  feet,  than  1000  feet  by  perpendicular 
i;  on  the  same  principle  that  it  is  easier  to  draw  a  load  on  a  railroad  of  20  feet  grade 
the  mile  than  on  one  of  100  feet  grade.  In  a  slope  of  60®  or  loss,  the  car  alone  or  a 
all  additional  weight  for  following  truck  is  lifted  with  the  coal  on  a  railroad-track, 
t  in  the  shaft  not  only  the  car  and  coal  must  be  lifted,  but  the  additional  weight  of  a 
vrj  "  cage,"  which  is  frequently  one-third  of  the  load. 

But,  in  addition  to  those  advantages,  while  only  one-fiflh  the  coal  is  to  be  lifted  the 
1  perpendicular  height  of  1000  feet  in  the  case  under  consideration,  the  other  four-fifths 
I  respectively  lifled  only  800,  600,  400,  and  200  feet:  and  this,  of  course,  means  the 
l«r  as  well  as  the  coal.  To  be  more  explicit  to  the  inexperienced,  we  may  state  that 
i  first  lift  of  a  slope  should  not  be  sunk  over  300  feet  on  a  seam  pitching  enough  to 
un,"  or  over  35°.  The  coal  is  then  worked  out  to  that  depth  from  one  end  to  the 
ler  of  the  property  on  the  *' strike*'  of  the  seams.  When  this  is  done,  the  slope  is 
ik  another  lift  of  3(K)  feet,  and  the  same  process  repeated,  and  so  on  successively 
til  the  basin  is  reached.  It  is  thus  evident  that  the  coal  is  not  only  mined  with  more 
nomy,  since  100  yards  is  of  sufficient  length  for  any  breast  in  which  the  coal  runs 
m  the  miner  to  the  cars  in  the  gangway,  but  that  only  a  small  portion  of  both  coal 
1  water  is  required  to  be  raised  the  full  distance  specified  of  1000  feet,  in  the  case  of 
haft. 

rhe  same  arguments  hold  good  in  nearly  all  pitching  seams  from  Z(f  to  the  perpen- 
alar.    If  shafts  are  used  of  less  depth  than  1000  feet,  or  the  depth  of  the  basin,  only 
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that  portion  of  the  coal  which  is  abore  the  point  of  inteneotion  with  the  scam  can  be 
mined  from  the  leTel  of  the  pit;  and,  if  a  greater  depth  is  required,  the  shaft  most  either 
go  down  through  and  below  the  seam,  and  the  coal  be  again  cut  by  a  right-Angled  tadael, 
or  a  riope  must  be  made  use  of  from  the  bottom  of  the  shaft:  therefore,  under  socfa  d^ 
oumstanccs,  a  slope  on  the  underlay  of  the  seam  is  always  more  availlible  than  a  shift. 

SHAFTS. 

When  the  seams  have  a  limited  dip,  say  25^  or  less,  and  where  cars  can  be  need  m 
the  broaBts,  shafts  are  more  available  than  slopes,  since  the  length  of  the  slope  it 
proportionately  increased,  while  the  depth  of  the  shaft  is  decreased;  and  the  objee> 
tions  to  the  length  of  breasts  do  not  hold  good  under  these  conditions,  became  m 
seams  of  25^  or  less  the  cars  can  go  into  the  breasts,  and  the  lift  is  not  of  so  much  iai* 
portance.  Still,  it  is  a  question  of  some  doubt  at  what  angle  of  dip  slopes  become  men 
expensive  than  shafts ;  and  some  practical  men,  of  much  experience,  are  of  the  opinioB 
that  Hlr)pe8  on  the  underlay  of  the  seam  are  the  most  available  so  long  as  the  dip  ii 
sufficient  to  allow  the  car  to  drag  the  chain  or  n)pe  down  the  incline  by  its  gravitj. 
For  the  purpose  of  drawing  coal,  the  incline  principle  is  to  be  preferred  whenerer  i 
mine  can  be  slanted  on  the  dip  of  a  seam,  since  more  coal  can  be  raised  on  an  indiM 
than  through  a  shaft,  even  if  the  distance  be  ten  times  greater.  An  engine  of  100 
horse-power  will  draw  up  a  train  of  cars  with  20  tons  of  coal  over  an  incline  of  1(P 
with  greater  ease  than  2  tons  of  coal  up  a  shaft.  But  generally  we  would  prefiv 
shafts  to  slopes  when  the  dip  is  under  20^,  except  for  the  first  two  lifts  near  the  mihot. 
There  are,  however,  instances  of  frequent  occurrence  where  shafts  are  the  only  avaikUi 
means  of  reaching  the  coal,  even  when  the  seams  have  high  angles  of  dipe.  This  bij 
happen  when  the  boundary  lines  of  estates'  cannot  be  located  on  the  onteropa  of  tki 
beds,  or  when  the  outcrops  of  the  seams  are  very  high  on  the  mountain-adei^  ui 
positions  for  machinery  cannot  be  obtuned.  In  the  first  case,  shafting  most  be  i^ 
sorted  to,  and  in  the  latter,  tunnels  may  be  used  to  cut  the  seams  above  water-lord, 
and  slopes  below  that  point,  though  sometimes  slopes  are  used  from  the  endoftk 
tunnels  on  the  dip  of  the  seam,  in  the  same  manner  as  when  started  from  the  saifKi; 
and  this  plan  is  available,  and  may  be  advantageously  made  use  of,  under  oeztiii 
conditions. 

In  other  instances,  the  seams  undulate  in  such  a  manner  as  to  form  basins  whose  onl' 
crops  do  not  come  near  the  surface,  and  on  which  slopes  cannot  be  used;  for  instsBCi^ 
the  Mammoth  bed  undulates  in  four  or  five  successive  basins  between  the  Mine  Hill  iii 
the  Sharp  Mountain,  in  the  Pottsville  district,  yet  the  outcrops  come  to  the  surface  only 
in  one  or  two  of  these  basins  near  the  Mine  Hill:  consequently,  this  seam  can  be 
reached  only  by  shafting ;  and  the  same  may  be  said  of  many  of  the  overlying  and  d 
all  the  underlying  seams. 

Sometimes  tlie  anticlinals  of  these  concealed  formations  come  comparatively  near  tbi 
surface.  When  these  anticlinals  can  be  correctly  located,  a  shaft  on  their  axis  maj  bi 
made  available  at  a  limited  distance  and  cost,  and  from  the  point  of  intersection  slopM 
may  be  put  down  the  respective  dips  to  the  basins,  on  each  side  of  the  antidinaL  ^ 
this  arrangement  the  coal  of  two  basins  may  be  obtained  through  one  shaft,  not  oslj 
from  a  single  seam,  but  from  all  the  seams  whose  anticlinal  axis  is  penetrated  by  the  thsft 
To  make  such  a  shaft  ftilly  available,  it  ought  to  be  very  large,  in  order  to  admit  rf 
several  hoisting  apartments,  and  of  a  separate  compartment  for  the  pumping  appanttf 
and  upcast  shaft,  or  air-course,  since  a  steady  current  cannot  be  maintained  in  a  ikft 
where  the  cars  are  constantly  passing  up  and  down.  It  would  be  also  desirable,  in  on 
a  largo  amount  of  coal  is  required,  to  have  separate  hoisting-ways  from  each  dip  of  thi 
Mammoth.    The  lower  seams  could  be  cut  by  tunnel,  and  the  coal  nuaed  tbroog^  tke 
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tme  wiiyiy  while  the  upper  seams  would  be  more  ayailable  after  the  lowiw  ohee  aM 
rhaflstfwli 

The  coat  of  siDking  shafts  varies  considerably  in  the  measores  of  the  anthracite 
gioiia.  Where  the  strata  are  composed  of  slate,  shale,  and  soft  sandstones,  the  cost  of 
oking  b  less  than  where  they  are  composed  of  harder  material, — sandstones,  rooky 
(nglomerates,  Ac.  In  the  vicinity  of  the  Tracys,  or  between  the  Little  Tracy  and  the 
iwis^  or  Gate,  we  find  some  very  massive  and  flinty  rocks  of  great  hardness.  We  also 
id  a  few  hard  strata  between  the  Diamond  and  the  Big  Tracy,  and  between  the 
:diard  and  the  Diamond ;  while  a  very  massive  and  compact  coarse  sandstone  exists 
tween  the  Holmes  F  and  the  Seven-Feet,  above  the  Mammoth.  Below  the  Mammoth 
t  measures  are  generally  hard,  with  the  exception  of  a  few  thin  strata  of  slate ;  bat 
o?e  the  Qate  bed  a  rock  of  peculiar  hardness  exists,  which  may  be  equally  expen- 
ro  to  cut. 

The  coet  of  sinking  is  in  proportion  to  the  sise  of  the  shaft  and  the  hardness  of  the 
ok:  much  more,  however,  depends  on  the  latter  than  on  the  former.    In  the  softer 
a  shaft  10  by  20  may  be  sunk  for  200  dollars  per  linlar  yard,  when  the  wages  of 
are  about  $1.50  per  day ;  but  in  the  harder  metals  the  cost  of  sinking  the  same- 
ted  shaft  will  be  over  300  dollars  per  yard.    As  an  estimate,  however,  we  do  not  think 
ihaft  could  be  sunk  1000  feet  through  the  anthracite  measures  in  the  centre  of  any 
rin  lor  less  than  an  average  cost  of  300  dollars  per  yard,  independent  of  the  cost  of 
iqung  and  hoisting  and  of  the  material  used.    It  depends,  also,  irrespective  of  hard- 
wif  on  the  dip  of  the  measures  where  the  shaft  may  be  sunk.    As  a  general  rule,  it  is 
Mr  to  sink  in  the  centre  of  a  basin,  where  the  strata  are  comparatively  flat,  than  on 
I  dipt  of  the  measures,  where  the  strata  have  a  high  inclination,  since  it  is  more 
lealt  to  advance  against  the  ends  of  the  strata  than  to  go  through  or  across  them. 
Efaiking  is  more  costly  in  the  measures  of  the  anthracite  coal-fields  of  Pennsylvania 
m  In  the  bituminous  coal-fields  of  the  West  or  in  the  English  bituminous  coal-fields, 
lee  the  metals  in  the  former  are  much  harder  than  in  the  latter.    It  seems  to  be  a 
umcteristic  of  the  anthracites  generally;  and 'we  have  no  doubt  that  the  greater  heat 
ieh  accomplished  the  change  from  anthracite  to  bituminous  converted  the  rocks 
m  a  ferruginous  or  soft  sandstone  to  a  crystalline  or  more  silicious  and  flinty  nature, 
ee  the  stratified  crystalline  and  sub-crystalline  rocks  are  harder  than  the  upper 
limentary. 

But»  while  the  cost  of  labor  in  sinking  is  less,  the  actual  cost  of  putting  down  a 
ift  in  the  deep  bituminous  basins  is  generally  much  greater  than  it  is  in  the 
diracite  basins,  owing  to  the  open  nature  of  the  measures,  and  the  immense  quantity 
water  which  they  contain.  In  many  cases  the  cost  of  sinking  1000  feet  in  the  New- 
rtle  coal-field  has  been  over  1000  dollars  per  yard.  We  do  not  think  the  cost  of 
king  in  any  of  our  anthracite  basins  can  exceed  $500  per  yard  as  the  full  expendi- 
%  if  proper  precautions  are  taken. 

LOCATION  OF  MINES. 

En  some  cases  there  is  not  much  choice  of  location ;  but  generally  there  is  some  point 
fe  available  than  another  in  reference  to  the  permanency  of  the  mine  and  the 
nomy  of  mining  the  coal.  In  this  country  regard  is  too  often  paid  to  outside  or 
iace  advantages,  at  the  expense  of  general  availability.  But  there  are  advantages 
importance  to  be  taken  into  consideration  in  the  location  of  the  outside  establishment 
irell  as  the  inside  workings, — in  regard  to  the  cost  of  erecting  the  buildings,  the  loco- 
%  of  machinery,  the  movements  of  the  coal  from  point  to  point,  disposition  of  roads 
the  cars,  room  for  refuse,  &c,  &c.  But  in  regard  to  the  internal  working  there  is 
remedy.    When  a  hole  is  sunk  in  the  ground,  and  the  shaft  established,  tibere  is  no 
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removing  it,  tfacngh  it  nuf  be  greatlj  in  error,  or  in  the  wrong  place.  When  Out  miu 
id  eHUlIiaheJ  on  the  dip  of  a  basin,  the  puint  of  its  location  ia  not  of  ao  much  inport- 
ance;  tiut,  even  in  tbia  caae,  the  divieiun  uf  the  buundorj,  the  increase  and  decreanaf 
dipp,  and  the  position  of  "  minor  rolls,"  or  sulwrdlDate  basins,  have  mnch  infltwnee  go 
the  aTailnbility  of  the  works.  But  when  n  basin  or  a  saddle — that  ie,  the  synclinal  or 
anticliniil  axis — is  to  bo  reached,  it  is  important  that  the  location  of  the  sbilt  bi 
correct.  i>r  in  xucb  a  poRitioo  as  to  command  the  coal  without  the  use  of  dip-woilhiitt. 
We  niiiY  oitp  nionj  coses  whero  shnfls  have  been  located  wrong  by  a  few  hundred  ftct 
onlj,  yi'i  eni'Ugh  ont  of  the  way  to  occasion  great  expense  and  much  inconnnieiM 
and  cii»t  ill  mining  operations. 

In  sinking  to  the  bottom  of  a  baun  it  is  not  always  possible  to  reach  its  grettal 
longitudinal  depth,  as  some  basins  ore  of  great  IcDgth ;  but  it  is  almost  always  pooillt 
to  rcaidi  its  tranxvorfe  depth ;  and  this  is  the  most  important,  because  tbe  dip  is  alotji 
grciiti-r  in  Ibis  direction  than  in  the  former,  as  may  bo  ob8«rTed  by  contnsdng  tbi 
sci-tion.-i  in  figure  22. 

The  )'ni)ier  location  of  shaftn,  ttierefnrc,  will  be  a  question  of  some  importance  in  Ibt 
future,  nlion  our  deep  basins  must  be  develuped;  and,  since  they  are  generally  iiregi- 
lar,  having  (heir  axis  rather  to  one  side  of  than  in  a  line  with  the  apparent  surftcfrui^ 
we  have  given  an  illustration  of  the  prupcr  positions,  and  pointed  oat  the  erron  tU 
might  ui'cur  if  the  conditions  represented  are  not  obscrted. 

In  figure  149,  wo  give  the  general  form  of  our  anthracite  basins  in  the  Pottarilli 
districl:  and,  while  the  same  form  dues  not  hold  good  in  the  other  districts,  Oepcit- 
uiplo  is  general,  though  the  formations  are  less  abrupt  in  a  nortiiem  and  weaten  £r»- 
lion.    It  will  be  obaerved  that  the  bottom  of  tbe  basm  or  the  centn  of  the  ^jadiMl 

Fio.  149. 
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ii...v.~^  ^-  .Lv  C...VP  ...^e,  u.  whvre  Jie  d.p  .e  great^^..  Th»  »  a  natuti  «» 
and  is  invariable.  The  centre  of  the  basin  appears  to  be  at  the  dotted  liu 
^iiig  from  surface  indications,  and  on  inexperienced  person  would  natunllj 
I'  ('•  sink  at  this  piiint;  and  the  error  would  be  serious,  sinoe  half  tfaecoalia 
would  lie  to  the  dip  side,  and  could  only  be  obtained  by  dip  workings  or  liit 
I'f  the  shaft  below  the  coals,  which  are  then  reached  from  the  bottom  of  tl( 
iunnel.4.  The  process  would  be  tedious,  expensive,  and  inconvenient,  w  * 
luld  bo  required  for  earfi  seam. 

Ill"-  observation  and  calculation  it  may  be  conclusively  determined  that  oil  *• 
n<'i'  fi>r  the  shaft,  and  that,  by  sinking  here,  several  important  adTantages  vil 
•I ;  thi'  iiwl  iif  sinking  through  and  in  the  vicinity  of  a  coal-bed  is  one-half  1* 
•  f  sinking  through  the  measures,  as  at  a'  a';  the  shaft  can  be  sunk  in  half tki 
(hu  saving  lor  a  shaft  1000  feet  deep  would  not  be  less  than  $60,000,  iriiilsib 
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ooalfl  of  the  basin  would  be  reached  at  a  point  where  they  would  all  be  oommanded 
without  dip  workings,  &e. 

It  will  be  observed  that  the  natural  consequence  of  the  formation  represented  is  to 
throw  the  apparent  centre  of  the  basin  far  to  the  right  of  its  real  position,  while  the 
aetnal  centre  is  as  naturally  thrown  to  the  lefl.  The  same  result  happens  to  the  anti- 
eluud  or  saddle.  Each  seam  has  its  axis  progressively  throvm  to  the  left,  and  a  shaft 
at  the  dotted  line  b,  would  strike  the  axis  of  the  upper  seam,  but  would  miss  the  axis  or 
saddle  of  the  lower  one  considerably,  and  be  seriously  in  error  if  it  were  calculated  to 
work  both  basins  by  slopes  from  the  bottom  of  the  shaft.  But  a  shaft  at  b,  b,  to  the 
axis  of  the  lower  seam,  would  not  only  be  iu  proper  position  to  command  the  ooal  of  that 
seam,  but  all  the  seams  in  both  basins,  since  the  slope  in  passing  the  roll  c,  c  may  be 
oontinued  in  its.  proper  direction  on  the  dotted  line  f,f.  But  the  continuation  of  the 
•lope  through  the  slates  would  be  best  accomplished  after  the  extraction  of  the  coal 
from  the  point  cf  to  the  bottom  of  the  shaft,  or  all  the  coal  of  the  roll  and  above  it,  since 
this  would  form  the  second  '*  lift"  according  to  our  scale,  supposing  the  shaft  a  to  bo 
1000  feet  deep.  We  have  given  the  shaft  c,  c,  and  the  dotted  line  c^,  to  show  how  a  shaft 
nay  be  sunk  in  error  even  on  the  dips  of  a  basin;  but  the  location  of  a  shaft  at  this 
pomt  depends  on  future  operations.  If  it  was  designed  to  work  the  dip-coal  by  slope 
from  the  bottom  of  the  shaft,  then  the  location  at  </  would  not  be  wrong,  since  the 
foil  and  the  upper  coals  could  be  reached  by  tunnel ;  whereas,  if  located  at  c,  c,  slopes 
would  be  required  on  the  principle  of  y*,/*,  in  order  to  reach  the  dip  coal,  which  would 
be  more  expensive  than  tunnels  from  c'  to  reach  the  upper  coals.  But,  in  case  it  is  not 
intended  to  work  the  dip  coals  by  slope  from  the  bottom  of  the  shaft,  it  is  better  to  sink 
the  shaft  at  c,  c. 

Surface  indications,  or  the  strata  near  die  surface,  are  always  a  good  guide  in  regular 
basins ;  but,  in  irregular  formations,  experience  and  geological  knowledge  are  required 
to  locate  mining  operations  properly.  In  the  following  table  will  be  found  Sf^mc  inte- 
resting and  valuable  information.  The  data  were  prepared  by  Mr.  John  Holmes,  a 
practical  miner  of  St.  Clair,  and  the  calculations  made  by  General  II.  Pleasants,  of 
Pottsville. 

This  table  gives  the  distances  of  both  shaft  and  tunnel  from  one  seam  to  the  other 
under  different  degrees  of  dip,  and  the  relative  cost  of  sloping,  tunnelling,  and  shafting, 
from  one  seam  to  the  other,  through  the  intervening  measures.  It  also  gives  the  vertical 
or  right-angle  dintances  from  one  scam  to  the  other;  and  we  have  added  our  nomen- 
clature, or  alphabetical  letters,  to  the  common  names  of  the  scams  as  accepted  in  the 
Pbttsville  district. 

We  think  the  distances  given  in  this  table  are  the  minimum  distances  for  the  Potts- 
nlle  dbtrict,  and  will  not  conform  t^)  the  distances  general  in  the  anthracite  regions. 
We  find  the  distance  at  Scranton  from  A  to  J  to  be  only  455  feet  vertical ;  at  Pottsville 
Ihe  distance  is  over  1000  feet;  while  at  Locustdale,  near  Ashland,  in  the  Mahanoy 
region,  it  is  considerably  greater,  as  shown  in  figure  59.  But  by  taking  the  vertical  or 
right-angle  distances,  as  given  iu  the  various  vertical  sections  of  the  several  regions  and 
their  relative  dips,  an  approximate  tunnel  and  shaft  distance  can  be  obtained  by  the 
relative  computation  given  in  tho  tabic. 

We  find  the  distance  from  M  to  L,  or  from  the  Lewis  to  the  Little  Tracy,  to  be  150 
feet  at  right  angles  to  the  dip,  and  the  horizontal  or  tunnel  distance,  at  15°  of  dip,  to  be 
579.5  feet,  while  the  shaft  distance  is  only  155.3  feet.  As  the  dip  increases,  the  tunnel 
distance  decreases,  and  the  shaft  distance  increases:  therefore,  at  75°  of  dip,  the  tunnel 
or  horixontal  distance  is  only  155.3  feet,  and  ihe  shaft  or  vertical  distance  579.5  feet, 
which  is  the  reverse  of  15°,  because  the  75°  from  the  vertical  is  the  same  in  reverse 
MM  16®  from  the  horizontal.  This  rock  is  very  hard,  and  we  find  the  cost  to  be  $00  per 
liaeol  yard  for  tunnels,  $250  for  shafts,  and  $30  for  slopes,  when  labor  is  at  $1.50  per 
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day  for  miDers;  the  shafl  being  about  10  X  20  feet  in  diameter,  and  the  tannel  7X 10 
feet.  The  slopes  vary  with  the  sixe  of  the  seams,  and  are  made  in  proportion:  thera- 
fore  the  cost  of  sinking  on  a  small  seam  is  from  $25  to  $30  per  yard,  while  on  die 
Mammoth  it  is  $50  per  yard.  These  figorea  include  only  labor;  the  outlays  for 
material,  timber,  machinery,  cars,  and  hoisting  and  pumping,  are  additional. 

In  order  to  find  the  depth  of  a  basin  by  this  table,  it  will  be  neceasary  first  to  get  the 
aTeragc  dip  of  some  well-known  seam ;  find  the  distance  from  that  to  the  basin  of  the 
seam  required,  and  then  the  distance  from  the  same  point  to  the  centre  of  the  biein 
as  nearly  as  can  bo  approximated  by  surface  indications,  taking  care  to  allow  fat  my 
difference  in  dip  that  may  exist  between  the  opposite  sides  of  the  barin,  aa  described  is 
figure  149. 

We  wi»h.  for  instance,  to  find  the  depth  of  the  Mammoth  at  a  certain  point  when 
this  fieaiii  does  not  outcrop;  but  we  find  the  outcrop  of  the  Prinirose,  which  we  knowii 
from  290  Uj  300  foot  above  the  Mammoth.  We  wish  to  start  a  shaft  on  the  north  ride 
of  the  basin,  IftO  feet  south  of  the  outcrop  of  the  Primrope,  which  we  find  to  be  near  tfaa 
outcrop  of  the  Orchard.  The  average  dip  is  15°,  and  we  find  the  vertical  distance  to  U 
about  455  feet,  which  is  verified  by  the  St.  Clair  shaft,  commenced  and  sunk  under  foA 
circumrtanco**.  To  find  the  basin  of  the  Mammoth  under  a  dip  of  25**,  we  find  thewrt- 
crop  of  one  of  the  upper  fteamp — «iay  the  Big  Tracy — and  measure  the  distance  totbe 
centre  of  its  basin.  We  find  the  distance  to  be  C38.9  feet,  the  perpendicular  270,  or  tb« 
distance  at  right  angles  through  the  measures,  since  the  dip  is  0^  in  the  centre  of  thi 
basin.  If  the  dip  has  been  preserved  at  25®  the  whole  distance  of  638.9  feet,  the  pw- 
pendicular  will  be  297.9  feet  We  find,  therefore,  the  depth  to  K,  or  the  Big  Tiiej. 
to  bo  270  feet  in  the  centre  of  the  basin,  whe^  the  distance  from  the  outcrop  rf 
tlie  some  is  038.9  feet,  and  the  dip  25°  on  an  average.  This  being  demonstrated,  ve 
find  by  the  table  that  the  distance  from  K  to  £,  or  from  the  Big  Tracy  to  the  Mt» 
moth,  is  9^:>2  feet:  consequently,  the  whole  distance  is  1172  feet.  Tbia  we  considsri 
minimum.  The  probability  is  that  the  distance  would  be  rather  over  this  cdcalir 
tion. 

The  approximate  distances  are  given  in  the  vertical  sections  accompanying  our  4^ 
Hcriptio:is  of  the  respective  coal  regions,  and  the  approximate  depth  may  be  obtained  ii 
the  same  manner  by  finding  the  basin  uf  some  upper  seam  and  then  adding  the  distuM 
as  given  fn»m  the  seam  found  and  known  to  the  seam  wanted,  in  the  centre  of  any  btnn. 
But  if  the  yliaft  is  l(X»ated  on  the  dip,  the  average  angle  of  the  dip  most  be  demonstnted, 
and  the  perpendicular  depth  found  from  the  accompanying  table,  allowing  for  tin 
increaf^iHl  or  decreased  thickness  of  the  measures,  as  found  on  comparing  the  verticil 
column  of  the  region  with  the  distances  in  the  table. 

MINING  MACHINERY. 

Ilowcver  important  the  location  and  development  of  our  mines,  and  necessary  as  my 
be  the  kr.owhMigo  and  experience  to  accomplish  their  development,  these  requisite 
are,  perhaps,  n^  t  more  important  or  uecessary  than  the  mechanical  skill  and  judgment 
required  in  (lcsio;ning  or  Fcloctin^  the  moat  available  machinery  for  the  place  or  tlrt 
purpose.  This  is  evident:  we  have  seen  it  demonstrated  on  so  many  occasions,  and  is 
so  many  places,  that  we  often  feel  surprised  and  pained  to  witness  eo  great  a  lack  rf 
tact  where  so  much  mechanical  skill  exists.  The  want^'is  not  in  the  ability  to  nMi* 
facture,  but  to  apply  the  necessary  mechanical  power.  We  do  not  wish  to  nuk* 
invidious  mention,  but  within  our  experience  we  could  point  out  a  hundred  casei 
whore  the  m«»st  serious  consequences,  in  increased  expenditure  and  waste  of  pnwer, 
have  resulted  from  misapplication  and  niiscalculntinn. 

In  mining  machinery,  two  important  considerations  require  the  first  attention,  vii.: 
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■hfipliftlty  and  tllnmgfiL  In  oolliery  engines,  the  qneetion  is  not  so  much  economy  ia 
tki  nee  of  fnely  ss  aTailftbility  in  mining  operations;  power,  darabili^,  and  general 
stai|>lioitj  of  stjle  are  the  most  essential  requisites;  and,  whether  designed  for  hoisting 
m  pomping,  the  more  compact  and  concentrated  their  efforts,  the  more  serviceable  and 
peimaiient  will  be  their  du^.  But  the  style  of  the  machinery  is  also  an  important 
■deration.  Heavy  engines  are  now  generally  required,  since  our  mines  are.in- 
ing  in  depth  as  our  colliery  establishments  increase  in  proportion;  and  larger 
fMNDtities  of  coal  are  required  as  their  product  in  order  to  oompensate  for  the 
iasnaae  of  the  original  outlay  and  the  general  daily  expense. 

If  ten  tons  of  coal,  car,  cage,  and  rope  are  to  be  lifted  1000  feet  per  minute,  we  can 
firm  some  idea  of  the  size  and  power  of  the  machinery,  taking  Watt's  calculation 
sf  the  duty  of  a  horse-power  for  our  guide.  At  33,000  pounds  lifted  one  foot  high  per 
urate,  as  the  law  of  a  horse-power,  it  would  require  600  horse-power  to  lift  10  tons 
1000  feet  per  minute;  or,  by  gearing,  to  lift  the  same  in  two  minutes,  300  horse-power 
weald  be  the  calculation.  But  in  our  mines  we  always  balance  the  cage  and  the  car; 
«a  have,  therefore,  on  starting,  3  tons  less,  and  ^00  horse-power  will  do  the  work 
teigned, — ^that  is,  lift  ten  tons  500  feet  per  minute, — providing  the  balancing  power 
b  aqaal  to  one-third  of  the  load. 

With  machinery  of  such  power  it  is  necessary  to  calculate  the  area  of  the  piston-head 
h  ptoportion  to  the  load  to  be  lifted,  since  the  speed  of  the  piston  and  speed  of  the  load 
be  varied  to  the  extent  they  may  be  in  smaller  engines.  If  the  drum  on  which 
rope  winds  is  12  feet  in  diameter,  the  pinion  on  the  crank-shaft  be  4  feet,  and  the 
;e  5  feet,  or  the  crank  2)  feet,  the  piston  must  move  at  the  ratet)f  413}  feet  per 
to  move  the  load  at  the  rate  of  500  feet  per  minute,  and  the  number  of  rerolu- 
must  be  41}  per  minute, — which  is  faster  than  an  engine  of  200  horse-power  onghl 
#MoveL  But  by  arranging  the  engines  as  two  100  horse-power  eonnected  link-motioo 
their  speed  might  be  increased,  and  the  load  moved  at  the  rate  of  500  feet  per 
,  with  great  facility. 

Twenty  revolutions  per  minute  would  be  a  fast  speed  for  a  200  horse-power  en^^e 
with  a  stroke  of  6  feet:  therefore,  to  move  a  load  at  the  rate  of  500  feet  per  minute,  the 
would  be  8}  f^^^t  diameter.  But  by  the  use  of  two  connected  100  horse-power 
the  speed  may  readily  be  increased  to  40  revolutions  per  minute,  and  the  pinion 
ndneed  to  4}  feet,  while  the  stroke  may  be  5  feet  or  less.  This  arrangement  in(Hreasea 
ikm  leverage  or  power  of  the  engines  one-half,  and  has  the  advantage  of  keeping  one  of 
Ike  engines  continually  on  the  **lwe  centre;**  but  the  amount  of  steam  used  is  thereby 
eoQsiderably  increased.  This,  however,  would  be  a  necessity,  under  the  circumstonoea 
•f  lifting  a  load  of  7  tons,  or  14,000  pounds,  500  feet  per  minute,  since  a  200  horse- 
power engine  would  scarcely  do  the  work,  while  two  100  horse-power  connected  engines 
wmld  do  it  easily,  {provided  the  quantity  of  steam  were  increased. 

In  this  respect  it  is  remarkable  that  the  deficiency  is  general.  Boilers  are  almost 
ahrays  calculated  too  closely,  and  many  efficient  engines  are  crippled  for  want  of  a  full 
■■pply  of  steam.  Where  the  generation  of  steam  is  more  an  o^ect  tiian  the  first  cost 
«f  machinery,  as  on  ocean  steamers,  and  where  coal  is  costly,  it  is  a  matter  of  necessity 
•r  aeonomy  to  provide  engines  calculated  to  do  the  most  duty  with  the  least  amount  of 
as  in  the  Cornish  low-pressure  engines,  or  in  working  steam  expansively  in  high- 
re  engines;  but  in  all  other  oases  it  is  economy  to  provide  an  excess  of  steam« 
Of  heating  surface.  The  object  in  such  cases  is  to  make  a  small  amount  of  fire 
heat  a  great  extent  of  boiler  surface,  ot  to  expend  the  caloric  in  the  most 
iAoient  manner. 

Bat  in  colliery  establishments,  where  coal  is  plentiful  and  cheap,  the  same  objects  are 
■Di  directly  sought,  though  it  is  equally  important  that  a  large  boiler  surface  should  be 
pwKfidad  "VkA  ao  much,  however,  with  ffgud  to  the  economy  of  ftwl  as  to  the  efl&oiencrj 
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of  tho  power,  thoagh  a  surplus  of  boiler  does  not  afkct  the  quantity  of  ooal  oaed  u  in 
unfavoriiblc  manner;  in  fact,  the  result  is  quite  the  reverse:  When  there  is  a  defideney 
of  boilor  Hurfoce,  steam  is  always  low,  and  the  engines  cannot  do  their  duty,  while  to 
QKCCHMive  firing  simply  wastes  the  heat  by  passing  it  up  the  stack.  Therefore,  an  extra 
boilor,  with  fires  arranged  for  the  most  effective  une  of  the  flame  and  heat»  and  moderaH 
firiug,  not  only  saves  labor,  coal,  and  material,  but  also  renders  the  machinery  fully 
effect  ivo. 

Lurgi'  single  engines  are  not  as  useful  in  colliery  establishments  aa  smaller  donbh 
citnnortod  engines  whore  speed  is  required,  as  in  nearly  all  our  mining  departmentUt 
ci(*cpt  in  pumping;  and  in  this,  large,  heavy,  and  slow-moving  engines  are  more  useful 
Uiaii  smaller  and  foster  ones. 

To  present  the  matter  clearly,  we  will  state  that  a  40  horse-power  engine,  UBgk; 
moving  at  50  revolutions  per  minute,  and  connuming  1G,000  cubic  inches  of  stetm 
(which  is  an  excess)  at  50  pounds  pressure,  will  lift  COOO  pounds  300  feet  per  minnte. 
Hut  two  20  horse-power  connected  engines,  running  at  100  revolutions  per  minate, 
and  consuming  .S2,iKX)  cubic  feet  of  steam,  will  lift  double  the  weight,  with  more  ea», 
900  feet  per  minute.  In  the  first  instance  the  pinion  or  drum  should  be  two  feet  in 
dinnietcr,  und  in  the  second  one  foot  diameter.  But  if  the  pinion  remains  the  nm 
ilie  loud  is  lifted  at  double  the  speed.  To  a  certain  extent  this  rule  holds  good 
notwithstnndin;;  the  additional  friction  of  the  two  cylinders,  since  the  advantage  gtincd 
Ity  Imxiu)*  tuio  crauk  c^nitinually  on  the  live  centit  more  than  compensates  for  the  addh 
liiUiiil  friction. 

The  heaviest  Kmds  to  l>e  lifted  from  our  deep  mines  should  not  exceed  7  tons, or,  if  10 
t4inrt,  o  tons  may  bo  ci>unterbalanced  by  the  descending  cage  and  wagon:  therefore SOO 
horsiv|Hiwer  ought  to  bo  sufficient  to  do  the  work  of  hoisting  from  any  single  shaft  or 
slope.  Hut,  as  Wfore  ol>9erved,  and  on  the  principle  advanced  in  the  case  of  the  40 
horse-]v>wer  or  the  two  2(>  horse-powers,  two  100  horse-power  connected  eagiiM 
Mould  have  tho  same  advantage  over  the  200  horse-power  single  engine  that  the  two  2D 
hi»rst»-j>ower  engines  had  over  the  40  horse-power  engine.  The  load  in  both  eiiei 
is,  perhaps,  more  than  should  be  attached.  We  calculate,  however,  the  maxinui 
duty  of  a  single  enpne  as  the  minimum  duty  of  two  connected  engines  of  ih 
same  average  {)ower  and  supplied  with  a  full  amount  of  steam.  A  40  horsefonr 
engine  will  not  lift  more  than  6000  pounds  300  feet  high  per  minute,  withoat 
great  strain,  running  at  50  revolution?  per  minute.  But  two  208,  running  at  100 
revolutions  per  minute,  will  lift  a  greater  K  ad — say  8000  pounds — ^that  distance  iritfc 
ease. 

The  weight  to  Ihj  lifted  in  a  shaft  300  feet  deep  may  be  estimated  thn8:^<M)al,  3  toti; 
oar,  H  tons;  cagr*,  )  Vm;  n)pe,  J  ton, — since  the  pulleys  should  be  some  distance  sU^ft 
tiie  landing-point.  This  would  give  5]  tons  as  the  load.  But  the  cage  and  car  wodM 
be  counterbalancr^l,  and  would  thus  reduce  the  weight  to  be  lifted  by  the  engine  to  i)} 
Umn  at  starting,  3  trms  in  tho  middle,  and  2}  at  the  top  of  the  shaft;  since  in  the  miiidle 
tlie  rope  is  Imlanced,  and  nothing  but  the  c<)al  is  lifted,  while  at  the  top  the  rope  couDto*' 
balances  an  equal  weight  of  coal.  Therefore  the  maximum  load  is  8400  pounds,  the 
average  0720  pounds,  and  tho  minimum  5040  pounds.  This  load  can  be  lifted  500 
feet  per  minute  by  two  20  horse-power  connected  engines,  if  geared  to  run  at  100  ««► 
lutions  per  minute. 

In  a  shaft  of  1000  feet  depth,  the  load  would  be  considerably  increased  with  the  aasM 
<y)Al-4;ar  and  cage,  on  account  of  the  increased  weight  of  the  rope,  and  the  tendency  ^ 
fiMMbT  the  counterbalance  less  effective  by  the  increased  depth.  For  instance, a  boltnoi 
with  iMjiial  weights  is  poised  on  common  levels,  but  if  the  weight  on  one  Mdeiskvtf 
ilmn  that  on  the  other,  the  lowest  side  will  always  be  the  heaviest  in  effect,  thoagh  of 
Ui«  Maine  weight  really:  fifteen  ounces  may  coi^nterpoise  a  pound  if  the  oentxeof  gnnV 
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be  not  equal,  and  the  same  in  relation  to  the  counterbalance  in  BhaAs.  The  cars  and 
tbe  cages  may  be  of  equal  weight,  but,  one  side  being  1000  feet  lower  than  the  other, 
thej  will  not  be  equal  in  efibotiye  weight,  oven  though  the  additional  weight  of  the 
rope  be  added  to  the  upper  side.  The  difference  may  not  be  great ;  still  it  adds  to  the 
load  at  starting,  which  is  the  most  trying  point  to  the  engine. 

We  will  make  our  calculations,  however,  without  reference  to  the  unequal  poise,  and 
estimate  the  weight  of  cars  and  cages  as  equal,  and,  therefore,  as  counterbalanced.  In 
shafts  of  great  depth  it  seems  proper  to  raise  as  much  coal  as  practicable  at  once: 
therefore  we  calculate  cars  of  4  tons  as  the  maximum ;  but  the  size  of  the  cars  must 
depend  on  the  size  and  dip  of  the  seam.  If  the  scam  is .  small,  large  cars  cannot  be 
used;  if  the  dip  is  considerable,  yet  not  steep  enough  to  run,  it  would  not  bo  conT»- 
nient  to  take  large  cars  into  the  breasts  or  chambers.  The  size  of  the  car,  and  tbe 
amount  of  coal  to  be  raised  each  time  through  the  shafl,  depend  on  these  conditions. 
A  capacity  of  four  tons  may  be  cpnsidcred  a  maximum,  and  one  ton  a  minimum,  for  a 


The  load  in  a  shaft  1000  feet  deep,  provided  the  amount  of  coal  be  four  tons,  may  be 
estimated  at  25,000  pounds ;  viz. :  coal  89G0  pounds,  car  and  cage  8960  pounds,  and  a 
lope  of  2  inches  diameter,  weighing  7.05  pounds  to  the  foot, — 7050  pounds, — giving  a 
total  weight  of  nearly  25,000  pounds  to  be  lifted  by  the  rope.  But  the  load  on  tbe 
engine  is  only  the  coal  and  the  rope,  if  we  suppose  the  car  and  cage  to  be  in  cquipose: 
therefore  the  load  which  the  engines  have  to  start  from  tlie  bottom  of  the  shafl  ia 
16,000  pounds,  in  the  middle  of  the  shaft  8900,  and  at  the  top  of  the  shaft  only  1910 
pounds.  A  single  engine  of  200  horse-power,  running  at  20  revolutions  per  minute, 
iroald  have  enough  to  do  in  starting  such  a  load  and  raising  it  at  the  rate  of  500  feel 
per  minute;  but  two  100  horse-power  connected  engines,  running  at  40  revolutions 
per  minute,  would  do  the  work  with  ease. 

In  order  to  equalize  the  load,  and  give,  consequently,  additional  power  to  the  engineSi 
flat  ropes,  winding  on  narrow  drums,  increasing  the  raising  drum  and  decreasing  the 
descending  drum,  are  the  best  means.  The  great  difference  between  the  power  ro- 
quired  to  start  the  load  from  the  bottom,  or  that  required  from  the  middle  up,  is 
eiident.  Two  fifty  horse-power  engines  would  be  more  effective  with  flat  ropes  and 
narrow  increasing  and  decreasing  drums  than  two  one  hundred  horse-powers  with  tbe 
sound  and  common  stationary  drum  would  be. 

The  same  thing,  however,  may  be  accomplished  by  cone  drums,  having  grooves  in 
which  the  rope  must  wind  in  the  form  of  a  screw,  increasing  in  diameter  on  the  raising 
side  and  decreasing  in  diameter  on  the  descending  side.  Thus,  the  rope  might  start  to 
taise  the  load  on  a  six-feet  drum  and  land  it  on  a  twelve-feet  drum.  The  objection  to 
this  mode  is  the  size  of  the  rope  which  must  be  used  to  raise  the  load  required,  and  the 
•mall  dimensions  of  the  drum.  A  two-inch  wire  rope  should  not  be  wound  on  a  drum 
of  less  than  12  feet,  particularly  on  starting  with  25,000  pounds  weight :  consequently, 
to  use  the  cone  drums  effectively,  the  starting  or  smallest  diameter  should  be  12  feet, 
and  the  largest  diameter  24  feet,  which  would  be  ponderous  and  costly.  But  by  the 
other  mode,  using  flat  ropes  and  narrow  drums,  with  the  rope  winding  on  itself,  this 
objection  would  not  exist.  The  decrease  in  the  size  of  the  ropes  allows  of  a  corro- 
■ponding  decrease  in  the  diameter  of  the  drums.  If  the  load  is  started  on  a  drum  7 
feet  in  diameter  instead  of  one  12  feet  diameter,  with  the  same  proportions  of  pinions 
or  leverage,  the  power  to  do  the  work  is  proportionately  increased ;  but,  in  addition  to 
this  advantage,  the  counterbalance  is  increased  in  nearly  equal  ratio,  since  the  drum  is 
orer  ten  feet  in  diameter  on  the  descending  to  seven  feet  on  the  ascending  side,  and  the 
balance  in  favor  of  the  load  is  correspondingly  increased.  The  descending  car  and 
oage,  weighing  8960  pounds,  hang  5  feet  from  the  centre  of  the  drum,  while  the 
aeeending  load  of  25,000  pounds  hangs  only  3}  feet  from  its  centre :  this  would  increase 
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the  descending  weight  as  a  eoanterbalance  by  making  it  equal  to  11,694  poonds,  nd  / 
the  ascending  load  to  be  lifted  bj  the  engine  would  be  13,352  pounda.  Of  ooum  mi^ 
thing  niu»>t  be  allowed  for  friction,  and  the  loss  of  equilibrium  effected  through  a  til 
of  pondoniu.f  machinery;  but  the  A)>uYe  calculation  is  nearly  correct;  and  hence  ire 
gain  by  this  mode  of  constructing  drums  and  connecting  engines  over  the  old  Biodeof 
single  engines  and  stationary  drums  not  only  in  first  cost,  but  in  effeetiTeness  of  ■»• 
chinery  and  in  durability  of  both  ropes  and  machinerj. 

BOX  CAGES. 

There  is  another  mode  of  raising  coal  from  deep  shads,  that  may  be  commendable  ii 
M>me  c:iHOj<.  The  plan  is  to  diRpense  with  cars  and  cages  in  shafts  and  substitute  fcr 
them  a  simple  buz  of  boiler-plate,  which  may  hold  five  tons,  more  or  leas.  This  boi 
does  not  leave  the  shad,  but  the  coal  is  dumpeil  from  the  cars  into  the  box  at  the  bol^ 
torn  of  the  shaft,  and  on  arriving  at  the  top  tJie  box  is  emptied  by  a  contrivance  into  tk 
ahutcs  of  the  breaker.  This  mo<le  may  l>e  a«lvantageous  where  deep  shafts  are  sunkoi 
small  seams  and  where  large  cars  cannot  be  made  use  of.  In  seams  of  from  four  to  ex 
feet,  cars  which  carry  more  than  from  one  to  two  tons  of  coal  cannot  be  made  asset 
and  whore  the  dips  of  scams  are  over  SlV'  large  cars  cannot  be  conveniently  used: 
therefore  in  such  cases  the  box  cages  may  be  available,  and  a  much  greater  amoont  of 
coal  raised  than  could  be  done  in  one  shad  if  the  cars  were  raised  with  the  coaL  Tbi 
difference  in  weight  on  the  engine  would  not  be  materially  altered,  but  the  load  to  bi 
carried  by  the  rope  would  be  much  less. 

The  box  would  not  weigh  more  than  one  ton,  or  with  four  tons  of  coal  11,200  pooMb: 
consequently,  the  sixe  of  the  rope  would  be  decreased  from  two  inches  to  nne  and  ahilf 
inch  diameter,  the  weight  of  which  is  about  four  pounds  to  the  foot,  or  4000  ponnditD 
the  1000  feet,  instead  of  7000  pounds :  the  weight,  therefore,  to  be  Lifted  by  the  rope  if 
15,200  pounds  instead  of  25,000,  as  when  the  car  and  cage  are  lifted  with  the  oual,  wi 
the  load  on  the  engines  12,900  pounds  instead  of  16.000  pounds. 

A  smaller  shad  can  also  be  made  to  answer  the  purpose,  in  case  the  boxes  are  vmI 
in  place  of  the  cars  and  cages,  since  the  former  would  occupy  one-half  less  space  tbn 
the  latter.    This  mode  is  in  use  at  the  Pioneer  colliery  at  Ashland. 

PNEUMATIC   MACHINERY. 

Perhaps  the  most  simple,  economical,  and  safe  mode  of  raising  coal  or  water  firaa 
deep  mines  is  the  pneumatic  process,  or  by  the  use  of  compressed  air.  We  think  Ihi 
first  cost  of  establishing  this  process  would  not  be  much  greater  than  the  modes  bov 
in  use ;  while  the  constant  operation  thereafter  would  be  permanent  and  cheap. 

The  mode  consists  in  laying  two  air-tight  tubes  down  the  main  slope  or  shaft,  of  i 
size  sufficient  to  receive  the  cars  or  boxes  designed  to  carry  the  coaL  If  boxes  are  wii 
the  size  of  the  tubes  may  be  small, — sav  five  feet  in  diameter;  but  if  cars  are  used  thiv 
could  not  well  be  less  than  six  feet  in  diameter,  in  slopes  where  the  cars  ascend  cod 
and  end ;  in  shafts  where  the  cars  go  up  as  they  stand,  the  tubes  should  be  five  by  ten. 

Boxes  are  to  be  preferred  for  several  reasons  in  pneumatic  tubes,  since  thej  requ* 
much  less  space,  and  the  load  to  be  lided  is  reduced  by  the  weight  of  the  car,  or  tso 
tons.  If  a  tube  of  five  feet  diameter  be  used,  the  area  is  25  square  feet,  or  3600  sqnin 
inches :  this,  at  a  pressure  of  five  pounds  to  the  square  inch,  will  lid  a  weight  of  18.000 
pounds.  In  order  to  obtain  the  pressure,  two  blowing-cylinders  of  a  capacity  of  250 
cubic  feet,  to  be  run  at  25  revolutions  or  25  double  strokes  per  minute,  and  at  seven  or 
eight  pounds  pressure— say  7}  pounds — per  square  inch,  are  erected  on  the  sur&ce,  aai 
two  direct-acting  high-pressure  steam-engines  of  30-inch  cylinder  are  placed  perpendtf^ 
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irij  below  tiiem,  bo  that  the  pistons  of  the  engines  oonneot  with  the  pistons  of  the 
lowing-cylinders.  This  will  giTO  2}  pounds  per  square  inch  excess  of  air  for  escape 
ad  contingencies. 

Tkoi  prepared,  the  cages  may  be  made  of  sufficient  site  to  carry  five  tons  of  coal  and 
hree  tons  of  water,  leaving  a  surplus  of  900  pounds  to  operate  in  favor  of  balancing 
Im  boxes,  which  are  connected  by  a  small  rope  capable  of  suspending  the  empty  cage 
pom  a  pulley  over  the  tubes.  At  25  revolutions  per  minute,  the  blowing-cylinders  will 
irodace  a  third  more  compressed  air  than  is  necessary,  by  computation,  to  raise  this 
mount  of  coal  and  water  1000  feet  high  every  minute. 

This  power  will  raise  1000  tons  of  coal  in  ten  hours  with  perfect  ease, — giving  throe 
iinates  time  to  each  load,  or  one  minute  for  loading,  one  for  ascending,  and  one  for 
tnloading, — and  600  tons  of  water.  While  the  box  is  standing  the  air  is  accumulating, 
ad  therefore  compressed  ready  for  instantly  throwing  up  the  boxes  from  the  bottom  of 
bo  mine.  In  case  larger  tubes  are  used,  larger  loads  may  be  raised  with  the  same 
rasaare  per  square  inch,  or  the  same  load  with  less  pressure.  The  water-boxes  are 
amended  beneath  the  coal-boxes,  and  fill  themselves  from  the  "sump''  while  the  coal 
•  being  loaded  into  the  coal-boxes  at  the  bottom  of  the  shaft  or  mine,  and  the  water  is 
liooharged  on  the  top  at  the  same  time  the  coal  is  being  unloaded. 

The  whole  operation  is  simple,  and  governed  by  valves :  there  are  no  pumps  or  chains 
r  heavy  ropes  required,  and  a  serious  accident  is  impossible.  We  do  not  think  the  first 
art  of  erecting  machinery  of  this  character  can  be  greater  than  that  of  the  machinery 
wm  in  use,  since  the  power  of  the  engines  would  be  one-half  less  than  that  of  the 
Mbting-  and  pumping-engines  required  to  do  the  same  work  at  the  same  depth ;  and, 
illioagh  the  tubing  would  be  expensive,  there  would  be  no  outlay  for  pumps,  rods,  and 
Imbon,  since  they  would  not  be  required. 

SAFETY-CAGES,  TRAVELLING-KODS,  ETC. 

We  have  not  faith  enough  in  safety-cages  to  try  the  adventure  of  descending  on 
hem  if  any  other  means  are  presented,  and  we  cannot  recommend  any  invention  of  the 
iad  as  safe  enough  to  risk  the  lives  of  the  workmen  on.  It  is  possible,  with  proper 
•re  and  watchfulness,  to  make  several  contrivances  reasonably  safe;  but  generally 
rhen  an  accident  happens  they  are  found  out  of  order.  The  *'  drag"  in  slopes,  and 
he  heavy  falling  bars  without  springs  in  shafts,  are  perhaps  the  most  reliable,  when 
iroperly  made  and  attached ;  but  these  safety  arrangements  should  be  designed  rather  to 
vra  property  than  to  save  life.  The  workmen  should  not  be  allowed  to  ride  up  on  the 
aded  coal  cars  or  cages  under  any  consideration,  since  the  danger  is  imminent  even 
rlien  every  care  and  precaution  is  taken.  If  there  may  not  be  a  convenient  travelling 
ray  into  the  mine,  a  mode  should  be  provided  for  their  entrance  and  exit;  and  the  most 
Imple  and  economical  is  to  attach  platforms  to  the  pump-rods.  If  a  single  rod  is  used, 
bo  i^atforms  are  placed  at  intervals  equal  to  the  stroke  of  the  pump,  with  corresponding 
fcftCionary  platforms  on  the  side  of  the  shaft.  The  workman  steps  on  the  upper  platform 
a  the  rods  and  descends  to  the  next  stationary  one,  upon  which  he  steps  and  remains  for 
Im  return  of  the  stroke,  and  then  steps  on  the  second  platform  on  the  rods  and  descends 
>  the  second  stationary  one.  This  process  is  continued  to  the  bottom  of  the  mine.  If 
Im  pump  makes  five  strokes  per  minute  and  ten  feet  to  the  stroke,  he  descends  at  the 
ito  of  50  feet  per  minute,  or  1000  feet  in  20  minutes. 

PUMPING-MACHINERY. 

no  drainage  of  deep  mines  is  a  question  of  equal  importance  vnth  any  other  oon- 
Kdoration  in  ndning  matters.    To  deliver  100  or  1000  gallons  of  Mrater  per  minute  from 
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a  depth  of  100  or  1000  feet  requires  not  only  powerful  machinery,  bat  reliable  ind 
durable  fizturoH.    If  wo  take  500  gallons  per  minute  as  the  mazimnm  prodnction  of  ooi 
dco])  miucH,  and  !)()()  feet  as  their  maximum  depth,  we  still  find  that  the  amount  of  wtn 
diMcharg(Ml  per  day,  aud  the  weight  of  the  column  to  be  lifted,  are  enormous.    An  im- 
|K!rial  gallon  weighs  over  12  {>oundH,  and  a  column  to  discharge  500  gallons  per  mimili 
idiould  bo  20  inches  in  diameter ;  the  amount  discharged  in  24  hoars  would  be  720,000 
gallouH,  or  «3200  tons,  and  the  column  to  be  liflod  by  the  engine  not  leas  than  30  tons  50 
foot  hif;h  per  minute.    By  geared  motion,  working  the  engine  to  its  maximum  speed, 
Uii.^  niiiy  Ik*  done  by  130  horse-power.    But  the  great  weight  of  the  load  neceesitatei 
niuMsivo  uiauhinery  and  numerous  connections  in  order  to  reduce  the  speed  to  the  iknr 
imiveineiits  of  so  lar^o  a  pump:  consequently,  direct  action  is  to  be  preferred  to  geared 
iiMtion,  by  connecting  the  piston  of  the  steam-cylinder  with  the  pump-rod  and  making 
Uie  Htrt>ke  of  cylinder  and  pump  equal.    To  effect  this,  a  cylinder  should  not  be  less  thu 
do  inches  in  diameter,  where  steam  of  40  poimds  pressure  per  square  inch  is  used,  io 
irder  that  a  surplu:*  of  ]>owcr  may  bo  provided.   A  cylinder  of  this  size, — ten  feet  stroke^ 
-^t  five  strokes  per  minute,  would  require  per  minute  about  G80  cubic  feet  of  deue 
iit4Vini  of  a  iM>nimim  pressure  of  40  pounds  per  square  inch ;  and  a  common  geared  engiv 
of  .'tO-indi  cylinder,  working  at  20  revolutions  per  minute,  would  require  per  minateTSO 
cubic  fo(*t  «if  Htenni  of  the  same  density  to  do  the  same  work.   Thus,  when  slow  motioii  ii 
r<M|uirtsl  to  lift  heavy  weights^  the  more  directly  the  steam  can  act  the  more  ecooomied 
will  bo  the  expenditure  of  power ;  but.  as  noticed  in  connection  with  the  hoisting  of  ooili 
where  great  ^ip^M^l  is  required  the  reverse  is  the  best  economy. 

In  the  instance  here  given  of  a  drainage  of  500  gallons  per  minute,  we  exceed  thfl 
general  maximum  drainage  of  mines  in  this  country,  but  are  below  that  of  the  deepmioM 
<»f  Kngland.  Tho  size  of  the  pomp  given,  however,  we  consider  the  largest  that  shoiU 
1)0  used,  or  the  largest  that  can  be  used  with  economy  at  great  depth.  An  unbroka 
column  of  fivo  hundred  feet  in  length  is  double  tho  perpendicular  height  atwhiekt 
pump  can  be  properly  worked,  since  the  pressure  per  square  inch  on  the  yalves  ui 
working  parts  should  never  exceed  one  hundred  pounds  per  square  inch.  Two  hondnd 
feet  is  i>erhapH  thrt  most  economical  aud  effective  height. 

Water  weighs  02.5  pounds  to  tho  cubic  foot ;  a  column  of  water  34  inches  in  pefp» 
dicular  hei;;ht  is  equal  to  tho  atmospheric  pressure, — 14.7  pounds  per  square  inch. 

The  Cornish  pumps  are  acknowledged  the  best  or  most  available  for  mining  porpoHi; 
aud  the  Cornish  minors,  having  the  most  practical  experience,  have  also  had  the  moil 
inducement  to  direct  their  oxperienco  and  ingenuity  to  the  economy  of  drainage,  obn 
their  mines  arc  deep  and  extensive  and  their  fuel  is  costly.  Their  pumping  airang^ 
uients  are,  therefore,  tho  most  perfect  known.  At  the  Consolidated  Mines,  which  tit 
IViO  feet  deep,  from  2000  to  300()  gallons  of  water  are  raised  1200  feet  high  per  minote; 
401)0  horse-powor  is  provided,  and  about  half  tho  power  is  constantly  at  worL  Tbi 
whole  number  of  engines  is  nine.  The  average  duty  of  the  Cornish  pumping-engines  ii 
ab<jut  50,000,000  pounds  of  water  lifted  one  foot  high  by  the  consumption  of  one  bosbd. 
or  80  pounds,  of  coal;  which  is  about  equal  to  800  tons,  or  179,200  gallons,  lifledSOO 
feet  high  by  the  consumption  of  one  ton  of  coal.  This  is  double  the  duty  of  our  M 
Bull  engines,  and  three  times  the  production  of  our  geared  pumping-engines. 

But,  taking  into  account  the  simplicity  of  tho  "Bull  engine,"  the  reduction  in  M 
cost,  and  its  permanent  and  reliable  character,  with  the  abimdanceand  cheapness  of  oaf 
coul,  we  consiilor  tho  high-pressure  Bull  engines  superior  to  the  condensing  enginatf 
]>um ping-machinery  for  our  anthracite  mines. 

1'ho  Bull  engine  is  a  simple  cylinder,  whose  piston  connects  directly  with  the  pniB|h 
nnl.  If  used  at  a  shaft,  the  cylinder  should  bo  directly  over  the  column  of  pipes;  but  if 
nt  a  slope,  tho  cylinder  is  set  with  the  dip  of  the  seam  or  the  angle  of  the  rods.  In  BOBt 
coiuis  this  modo  of  coiyiection  is  not  convenient,  and  the  drdinary  connecting  rodsaai 
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*'  bob"  are  nsed;  bat^  if  possible,  all  indirect  connection  should  be  aToided.  The  steam 
is  used  direct  to  lift  the  rods,  and  the  pr^sure  on  the  piston  must  be  equal  to  or  greater 
than  their  weight,  in  order  to  raise  them ;  and  the  rods  must  be  equal  to  or  greater 
than  the  weight  of  the  column  of  water  in  the  pipes,  since  the  wei^t  of  the  rods  re- 
turning forces  up  the  water;  that  is,  the  engine  simply  lifts  the  rods,  and  the  weight 
of  the  rods  lifts  the  water. 

There  is  another  effectiTe  mode  for  pum^ung  water  from  deep  mines,  and  that  is,  the 
direct  use  of  steam  in  both  lifting  and  forcing  water,  bj  which  the  same  column  of  pumps 
can  be  made  to  throw  double  the  quantity  of  water  now  produced.  There  would  be  but 
slight  difference  in  the  construction  of  the  pump,  and  no  more  liability  to  derangement. 

There  is  not,  generally,  more  economy  in  this  double-acting  mode  than  in  the  single- 
plunger  pump,  as  far  as  the  operation  is  concerned ;  the  first  cost  may  be  reduced,  but 
the  chief  benefit  to  be  derived  is  in  deep  shafts  where  two  columns  of  pumps  cannot  be 
osed,  and  where  a  single  column  is  not  sufficient  to  drain  the  mine.  In  this  case,  the 
single  column  may  be  made  to  discharge  a  double  quantity  of  water  by  the  simple  change 
of  the  working  barrel.  We  have  not  seen  this  mode  in  use  at  our  mines,  but  have  fre* 
quently  witnessed  its  operation  in  equally  trying  positions,  and  can  ftilly  recommend  it 
in  all  such  cases  as  above  described. 

If  a  mine  produces  500  gallons  of  water  per  minute,  or  even  considerably  less,  it  is 
bad  policy  to  trust  its  drainage  to  a  single  pump  of  500  gallons  capacity  per  minute. 
All  mining  machinery,  no  matter  how  perfect,  is  liable  to  accident  from  various  causes, 
and  a  few  days'  delay  is  sufficient  to  drown  the  mine;  when  the  pump  is  just  capable  of 
keeping  the  water  down,  any  accumulation  or  delay  may  overpower  its  capacity.  It  is 
not  safe  to  trust  the  drainage  of  a  deep  and  extensive  mine  to  less  than  double  the 
pumping  capacity  actually  required  to  keep  down  the  water.  Nor  is  it  safe,  even  with 
double  the  pumping  capacity,  to  trust  it  all  to  a  single  engine  or  a  single  pump.  It 
would  be  more  economy  to  erect  two  modetate-sised  pumps  in  each  mine  that  is  de- 
signed to  be  extensive,  than  one  very  large  pump.  This,  we  think,  almost  any  practical 
engineer  or  ''sump-man"  will  endorse. 

The  breaking  of  clack-pieces,  and  the  bursting  of  pipes,  are  of  frequent  occurrence 
where  the  column  is  of  great  perpendicular  height,  and  our  mechanics  and  engineers 
have  a  habit  of  Mtretching  the  lift,  and  frequently  make  one  lift  do  when  two  lifts  are 
almost  indispensable.  When  we  consider  the  pressure  that  lies  on  the  valves  and  pipes 
even  at  the  depth  of  300  feet, — which  is  one-third  more  than  can  be  recommended, — ^we 
can  imagine  the  liability  to  derangement  and  fracture ;  but  the  full  extent  of  the 
pressure  that  occasionally  happens  can  be  fully  realized  only  by  those  who  have  seen 
the  bursting  of  clack-pieces  the  dimensions  and  strength  of  which,  by  calculation, 
would  bear  perhaps  ten  times  the  pressure  of  the  column.  In  working  heavy  pumps,  or, 
in  fact,  any  mine-pump,  it  is  almost  impossible  to  guard  against  the  "  water-hammer, *' 
or  the  accumulation  of  air  beneath  the  plunger;  and  sometimes  a  vacuum  is  created 
between  the  plunger  and  the  water  by  the  strangulation  of  the  valves,  or  the  "wind- 
bore."  The  consequence  of  this  is  the  sudden  and  violent  fall  of  the  plunger,  and  of 
the  immense  weight  of  the  rods,  with  full  force  on  the  water.  The  force  of  such  a  blow 
cannot  be  estimated  except  by  its  effects. 

But  both  these  difficulties  may  be  obviated  by  a  little  care  and  ingenuity.  A  float 
in  the  sump,  with  a  wire  and  bell,  will  always  give  warning  when  the  water  becomes 
low,  and  a  column  of  gas-pipe  from  the  working  barrel  will  always  allow  the  escape  of 
air,  or  obviate  the  danger  from  the  "  water-hammer." 

In  addition  to  the  danger  from  accidents,  there  is  always  a  liability  to  a  sudden  in- 
crease of  water, — sometimes  from  subterranean  fissures  containing  pent-up  reservoirs, 
and  sometimes  from  springs  which  may  be  cut  by  the  advancing  works;  but  more 
frequently  from  sudden  floods  or  kmg-continaed  rains,  and  the  ''ottfing  in''  of^  old 
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Ia  &:-:J::- ar  al^ri«.  «kc«!«.  ".r  icafaL  pLgig  the  vater  miuc  l<  eiieked  frcm  die  botm 
of  tfi«  z  h.  uiii.  9.«awr/a«ciH-.  I*  ^wjBf«LS^  bj  air  «d4  ^rmreL  tLe  eC'iBBaii  it/timgpmp 
m  ^Jt  'jtslj  nllA\tlk  rx^.  acii  ve  <&>  z^a  think  a  better  can  l«  designed  to  the  pnrpcce. 

A  gnat  Baaj  nerr  poscM  hare  l^^n  znr^nted  of  late  T#a».  and  eGoie  of  tbem  are 
admiracLe  f.r  cer^a^  qmi  :  Ic;!.  ibfiugh  ve  have  p<ni.«ailT  ezamiiied  humI  of  tkm, 
w«  d>  Dr.i:  1e^  aaj  thas  ean  take  the  p!a«e  ^^f  the  old  Comi^  lifting  pvmp  fcr  siakbg 
:r  cf  the.picucer  f«Bp  m  ft  f^rmaneiit  fixture.  The  donkej  pvmp  and  eagiH 
u  Terj  arailable  a»ier  certain  eirramstaorec.  or  where  neam  can  be  taken  don 
ittso  the  mis0t  vithcivt  lorn  bj  eoDdenflation.  and  wiicre  heavj  lifti  do  not  oeenr;  hoL  lb 
preeenoe  of  a«^iitk«al  vaiTCL  and  the  neeeseitT  for  freqocm  etoppagea  to  change  lb 
claeki  nnd  ptk  the  pinoD»,  render  thcee  piunps  gnrpliablegeneiallj  for  mining  jmrpomk 

TABLES  A5B  RULES  FOK  DISCOTERING  THE  CAPACITIES  OF  EN6I5I8 

AXD  FCMPS. 

The  foQcnring  is  an  oU  role  f  jr  obtaining  the  power  of  eondensing  engines: — 

Square  the  dlam'»ter  cf  the  cjlinder  and  mnltiplr  the  ram  bj  .7854,  the  prodeflkby 
10,  and  the  whole  ppjdact  bj  144,  which  will  show  the  number  of  pounds  the  eogiit 
wiU  lift  one  ibot  high  in  a  minute.  Diride  the  nomber  of  pounds  by  33,000,  and  lb 
leeolt  will  be  the  horae^power.  In  the  above  calcolation,  the  preesore  per  square  isch  ii 
estimated  at  10,  independent  of  friction,  with  9  rerolations  per  minute  and  8  feet  stroke. 

The  example  is  thus : — 

What  b  the  power  of  a  steam-engine  the  cylinder  of  which  is  50  inches  in  dismetff, 

and  the  stroke  8  feet? 

50X50  =  2500 

.7854 

1963.5000 
10 


19635.0000 
144 


33000)2727440.0000(82,344  Ans. 
264000 

87440 
66000 

1440 

2,727,440  pounds  lifted  one  foot  high  per  minute,  equal  82  horse-power,  with  t  fnt^ 
tion  oTor. 

A  better  rule  for  estimating  the  nominal  horse-power  of  a  condensing  engine  d  i 
oonstant  uniform  pressure  of  seTen  pounds  per  square  inch  is  thns:-^ 
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Sqiuura  the  diameter  of  the  eylinder  in  inohee,  and  multiply  by  the  cube  root  of  the 
■Iroke  in  feet,  and  the  reeolt  by  ,0213 ;  the  prodoot  is  the  nominal  hone-power. . 
What  ia  the  power  of  an  engine  with  30  inch  cylinder  and  6  feet  stroke? 

80>  =  900  and  {/  =  1.817:  hence  900  +  1817  X  .0213  ^  34.8  horsoiMnrer. 

The  effeotiye  power  of  any  engine  may  be  obtained  by  this  mle;— 
YvoA  the  area  of  the  piston  in  inches,  and  multiply  the  same  by  the  uniform  pressnre 
of  the  steam  in  pounds  per  square  inch,  and  the  result  by  the  Telocity  of  the  piston  in 
Ihefe  per  minute.    Deduct  2\  pounds  per  square  inch  for  friction^  and  diTide  the  re- 
mainder by  33,000:  the  quotient  is  the  effective  horse-power. 

IkcampU.  • 

What  is  the  effectiye  power  of  an  engine  whose  cylinder  is  40  inches  in  diameter,  the 
piitoa's  Telocity  200  feet  per  minute,  and  the  pressure  40  pounds  per  square  inch? 

40*  X  •7854  =  1256.64  inches  area  and  40  poonds  pressure. 
1256.64  X  40  X  200  =  10049982,  with  friction  deducted  =» 
33000)10049982(304}  horse-power. 

Having  a  certain  amount  of  work  to  accomplish,  or  a  certain  load  to  lift,  required  the 
power  to  lift  it  at  a  certain  rate  per  minute. 

BuuB. — ^Reduce  the  weight  to  be  lifted  to  pounds,  multiply  by  the  feet  through 
vliidi  the  load  is  to  be  Hfted  per  minute,  and  divide  by  33,000:  the  quotient  givee  the 
koia»power  required. 

Saqvired  the  power  to  lift  5  tons  500  feet  per  minute. 

2240  Ibe.  X  5  =  11200  lbs.  X  500  =  33000)6600000(169.03  hone-power. 

i    .  H0B8I-P0W1B. 

S;.-  By  numerous  experiments  it  has  been  found  that  one  horse  equals  the  strength  of 
-  "  Mveni  strong  men,  and  also  that  a  hone  of  common  size  and  strength,  working  8  houn 
^  per  day,  will  not  exert  a  greater  power  than  23,412  pounds  lifted  one  foot  per  minute; 
=^  If  worked  only  6  houn  per  day,  24,360  pounds;  if  3  houn  per  day,  32,943  pounds 
ean  be  lifted  one  foot  per  minute.  It  will  be  seen  that  Mr.  Watt's  liberal  estimate  for 
his  steam-engines  is  fully  double  the  power  exerted  by  a  horse  working  a  full  day. 

STEAK. 

One  cubic  inch  of  water  evaporated  under  the  atmospheric  pressure  is  converted  into 
a  enbic  foot  of  steam. 

The  same  amount  of  water  evaporated  under  the  atmospheric  pnssun  gives  a  me- 
chanical force  equal  to  one  ton  raised  one  foot  per  minute;  or  steam  at  a  pressure  of 
40  pounds  per  square  inch  and  261^  of  temperature  exerts  the  same  force.  To  develop 
one  horse-power  per  minute  will,  therefore,  require  the  evaporation  of  15  cubic  inches 
ef  water,  or  900  cubic  inches  per  hour.  If  the  friction  of  the  machinery,  or  the  power 
lequired  to  move  the  engine,  be  2}  per  cent,  of  the  power  developed,  we  must,  of  course, 
add  that  amount  to  the  amount  of  water  required. 

The  capacity  of  boilers  should  not  be  less  than  25  cubic  feet  for  steam  and  water,  with 
^  9  aquare  feet  of  heating  surface,  and  1  square  foot  of  furnace  space  for  every  nominal 
horse  power;  and,  as  before  explained,  when  coal  is  plentiful  and  cheap,  one-third  to 
iaahalf  more  boiler  surface  may  be  used  with  economy  vrith  high-speed  engines. 

UadefT  favorable  conditions,  about  33  cubic  feet  of  steam  should  be  generated  per 
dDute,  or  one  cubic  foot^of  water  evaporated  per  hour,  for  each  horse-power;  or  one 
mud  of  coal  should  evaporate  eight  pounds  of  water« 
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HIKING  ECONOMY. 


lift. 


One  hundred  parts  of  pore  air  contain,  bj  weight,  75.55  nitrogen,  23.32  Oft/gea, 
1.3  carbonic  acid.  The  pressure  of  the  atmosphere  equals  a  column  of  water  3i  h 
height,  a  column  of  mercury  30  inches  in  height,  or  14.7  pounds  per  square  ineh 
lucan  temperature.    The  resistance  of  air  increases  as  the  square  of  the  reloeiiy, 

tlic  resistance  per  square  foot  as  the  velocity  multiplied  by  00.2288. 


TABLE 
Showfnff  the  Square  Inehet  m  a  CyKnier  or  Circhfrom  10  to  73  IneMet  in  DimmeUr. 


% 

• 

• 

• 

•t 

.  % 

B^inHre 

» 

Sqnare 

i 

S 

1 

Square 

O 

Fqnan 

s 

InchM. 

1 

Inches. 

Inches. 

1 

lochflt. 

10 

78.54 

20 

530.93 

42 

1388.59 

58 

2642.00 

11 

95.08 

27 

572.50 

43 

1452.20 

59 

2784.00 

12 

113.10 

28 

615.76 

44 

1520.63 

60 

2827.44 

13 

.   132.73 

29 

660.20 

45 

1590.48 

61 

2922.47 

14 

lo3.\>4 

30 

700.86 

40 

1061.91 

62 

8019.00 

lo 

170.71 

81 

754.77 

47 

1736.00 

08 

8117.25 

10 

201.0*) 

82 

804.25 

48 

18</9.56 

64 

8217.00 

17 

220.08 

83 

855.30 

49 

18S5.74 

65 

8818.81 

18 

254.47 

84 

907.92 

50 

1903.50 

66 

8421.20 

19 

283.54 

85 

902.00 

51 

2042.82 

67 

8526.06 

20 

314.10 

86 

1017.88 

52 

2128.72 

68 

8661.69 

21 

34ii.30 

37 

1075.20 

53 

2206.19 

69 

8789.29 

oo 

^«f 

380.13 

88 

1134.00 

54 

2290.23 

70 

884a46 

28 

415.47 

89 

1194.60 

55 

2375.83 

71 

8959.2D 

24 

4:>2.30 

40 

1256.64 

56 

2463.00 

72 

4071.61 

2«^ 

4W.88 

i    *1 

1820.26 

57 

2051.76 

78 

4185.40 

TABLE 
iY  thf  Krpamion  of  Air  by  Ileaty  that  at  S2^  Fahrenheit  being  1,000, 


Vah. 

Tolome. 

F»h. 

Volame. 

Pkh. 

«Tolmiie. 

86<» 

1.007 

850 

1.121 

170° 

1.295 

40 

1.021 

90 

1.132 

180 

1.316 

46 

1.032 

95 

1.142 

190 

1.884 

50 

1.043 

100 

1.162 

200 

1.304 

55 

1.065 

110 

1.173 

210 

1.872 

00 

1.000 

120 

1.194 

212 

1.378 

05 

1.077 

130 

1.215 

302 

1.668 

70 

1.089 

140 

1.236 

302 

1.739 

75 

1.099 

150 

1.255 

482 

1.919 

80 

1.110 

100 

1.276 

572 

2.098 

Common  Gravity  of  Water. 

1  cubic  inch  weighs ^ 08617 

V2  cubic  inches  weigh 484         " 

1  cubic  foot  weighs 62.6  •* 

H5.84  cubic  feet  weigh ,.,     1  ton. 

1  cubic  foot  of  sea- water  weighs - 64.2ponndi. 

84.9  cubic  feet  of  sea-water  weigh 1  ton. 

I  cubic  foot ! ^ 6.25  imp.  gaUk 

1  cylindrical  foot.. 6  imp.  gtlk. 

12  imperial  gallons  weigh.- ^••^.•.« 1  owL 
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224  imporitl  gaUons  weigh 1  ton. 

46.64  ejlindrioal  inches  weigh. 1  ton. 

la^^lindriml  inches  weigh ~ ^      .841  pounds. 

1  cjlindricftl  foot  weighs • 49.1  pounds. 


tki 


TABLE 

Wine  Oattanif  akd  tSMe  Fket  cf  Water  eonUrinedin  tixfeet  of  Pmnpfnn 
fowr  to  twenty  inehet  in  diameter. 
(Vnm  BodfaPa  Pnottcia  IfiiMr*^  Gidda.) 


Wd^t 


82.76 

86.96 

41.42 

46.16 

61.14 

66.81 

61.87 

67.68 

78.68 

79.90 

86.42 

98.20 

100.22 

107.61 

116.00 

122.86 

180.90 

189.22 

147.78 

156.60 

165.68 

175.00 

184.60 

194.45 

204.64 

214.90 

225.61 

236.67 

247.60 

258.87 

270.61 

280.40 

294.68 


Wine  MeMim. 


9aU, 

8 

4 

4 

6 

6 

6 

7 

8 

8 

9 

10 

11 

12 

12 

18 

14 

16 

16 

17 

18 

19 

20 

22 

23 

24 

25 

27 

28 

29 

80 

82 

83 

85 


8 
1 
8 
2 
0 
8 
1 
0 
8 
2 
1 
0 
0 
8 
8 
2 
2 
2 
2 
2 
8 
8 
0 
1 
1 
2 
0 
1 
2 
8 
1 
2 
1 


Ptt. 
1 
1 

I' 

1 
0 

0 
0 
0 
0 
0 
0 

1 
1 
1 
1 

1 

0 

1 

0 
0 

1 
1 

0 
0 

1 
1 
1 
1 

0 


€abio 
Feet. 


0.522 
.691 
.662 
.788 
.818 
.902 
.989 
1.082 
1.178 
1.278 
1.882 
1.491 
1.008 
1.720 
1.840 
1.966 
2.094 
2.027 
2.854 
2.505 
2.050 
2.800 
2.954 
3.110 
8.272 
8.438 
3.607 
8.781 
8.959 
4.141 
4.327 
4.518 
4.712 


^ 


Weight 


IXft. 
806.95 
819.60 
832.61 
846.66 
869.10 
872.78 
886.72 
400.90 
41^.86 
480.00 
446.00 
460.28 
476.69 
491.42 
607.40 
628.68 
640.18 
656.87 
573.88 
591.13 
608.65 
626.42 
644.67 
662.73 
681.26 
700.00 
719.10 
788.40 
757.96 
777.78 
797.86 
818.18 


WI&eMoiMn. 

OiOt, 

Qti. 

Ptt. 

86 

2 

1 

38 

1 

0 

89 

2 

1 

41 

1 

1 

42 

8 

1 

44 

2 

1 

46 

0 

1 

48 

0 

0 

49 

2 

1 

61 

1 

1 

68 

0 

1 

66 

0 

1 

66 

8 

I 

66 

8 

0 

60 

2 

I 

62 

2 

1 

64 

2 

1 

66 

2 

1 

68 

2 

1 

70 

3 

0 

72 

8 

0 

76 

0 

0 

77 

0 

1 

79 

1 

0 

81 

2 

0 

83 

8 

0 

86 

0 

1 

88 

1 

1 

90 

8 

0 

93 

0 

1 

95 

2 

0 

97 

8 

1 

GqUo 


FeeL 

4.910 

5.118 

6.819 

6.680 

6.746 

6.960 

6.187 

6.414 

6.646 

6.880 

7.119 

7.868 

7.610 

7.862 

8.117 

8.879 

8.641 

8.909 

9.181 

9.457 

9.739 

10.022 

10.310 

10.602 

10.899 

11.142 

11.604 

11.818 

12.126 

12.448 

12.764 

18.090 


TABLE  OF  SPECIFIC  GRAVITIES. 


Metali. 


Hatinft 

hregold.. 
Mircurj.... 

hresilTer 


Wttisbt, 

Water  oeing 

1000. 


19,500 
19,258 
13,660 
11,352 
10,474 


Number  of 
Cabic  Inches 
in  a  Pound. 


1.417 
1.486 
2.040 
2.436 
2.638 


Weight  of  a 
Oablo  Inch, 
inPoundi. 


.7063 
.6965 
.4902 
.4106 
.8788 
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▲1ft. 


Ono  hundre^l  parts  of  pure  air  contain,  by  weight,  75.55  nitrogen,  23.32  oxygen, 
l.ij  carbonic  acid.  The  pwwjure  of  the  atmosphere  equals  a  column  of  water  34  h 
height,  a  column  of  mercury  30  inches  in  height,  or  14.7  pounds  per  square  inch 
mean  temiwrature.  The  reHistauco  of  air  increat^ea  as  the  square  of  the  Telocity, 
the  resiHtaiicc  per  square  foot  as  the  velocity  multiplied  by  00.2288. 


TABLE 

Shnirmfl  thf  Sqyarf  tnthf  in  a  CSfUndfr  <*-  CinCf/nm  10  to  73  Inehet  in  Diamettr. 


I 

1 

1      a 

J 

•t 

.  t 

S.^ih'^^ 

^ 

StinjLTP 

4 

>;Tnre 

"o 

Square 

c 

III-  li><». 

1 

\\whf%. 

« 

l£*:hi.«. 

1     J 

inchm. 

£ 

:s.:>4 

■    i^r* 

s 

o 

10 

^i>.l=  :/ 

Ai 

I  '^S.oO 

68 

2642.00 

11 

O.NvV5 

*.! 

14o2.20 

59 

2734.00 

12 

11. 'no 

cs 

n^-; 

vt 

l.>20.53      i 

CO 

2827.44 

IS 

•  I.--..  1  •> 

:*ii 

iVMt  'Ji 

♦.} 

IoX>.48     ; 

Gl 

2922.47 

14 

"i.Vs  v4 

:^0 

7;»'.  ^' 

«•) 

I'Vl.Vl 

62 

8019.00 

1.^ 

i-'.:i 

.<;i 

.  ;»*» 

♦• 

i::>>.oo 

63 

8117.26 

li. 

•>..;    ,1:. 

Si 

f</-.,  Hi 

^ 

1>  V.o6     II     64 

8217.00 

17 

iTii .  i*> 

U 

^M,  'M 

4} 

I^>i:4 

65 

8818.31 

1> 

iM  4: 

S4 

9»r.  *:t 

h; 

Iv'V^.Vi 

66 

8421.20 

lf» 

•>ft  :^A 

ftf. 

*!»;'_  '* 

^1 

aLV4i>2 

67 

8526.66 

?»■' 

n  4  ":  ^ 

m. 

i»i..  -> 

I-.; 

i:2?.7i 

68 

8651.69 

•    1 

J^^'..r?*> 

'    r.T 

i«.r...'* 

'»u 

i»5.19 

69 

8789.29 

^s;:  If 

f^ 

1 1  -1.  «^ 

'»"A 

isoj:;} 

70 

8848.46 

?f 

4::.4T 

R* 

IV-i.  0 

•>j 

2;;7.x54 

71 

8959.20 

?4 

4:C  ««■ 

1      411 

if>fi.*)4 

06 

24r;JL» 

72 

4071.61 

J>i 

4«*«.>^^ 

4 

:iv.J*j 

Oi 

2»:.5:.r< 

73 

4185.40 

**   v% 


TABLE 
i'    Ur  ojf  Heat,  that  at  32°  FiX'^nultfii  M^  1,000. 


^ 

\vluaui. 
1.007 

Fah. 

Volome. 

1 

Pah. 

.TilnoM. 

■•r 

85<» 

1.121 

170= 

l.*?o 

^^) 

1.021 

90 

1.132 

180 

1.315 

ij 

1.032 

.     95 

1.142 

190 

:    1.334 

yO 

1.043 

100 

1.152 

20'> 

1.3>>4 

ihi 

1.055 

110 

1.178 

210 

1.372 

♦10 

1.U66 

120 

1.194 

212 

1.376 

05 

1.077 

130 

1.215 

3ii2 

1.558 

70 

1.080 

140 

1.235 

392 

1.739 

75 

1.099 

150 

1.2o.'> 

482     1 

1.919 

^ 

1.110 

160 

1.275 

572     i 

2.096 

Common  Gravity  of  Water. 

■  ,:il.io  Inchwtighs 08617  pounds. 

•.s'uMo  inches  weigh 494         •« 

\  cubic  foot  weighs 62.6  ** 

^>,{i*  cubic  ftet  weigh 1  ton. 

I  cubic  foot  of  sea-wtter  weighs 64.2poandi. 

:ii.\>  cubic  (eet  of  sea- water  weigh 1  ton. 

1  cubic  fiH>t ! 6.25  imp.  giQi- 

t  cjrU»«lrical  fbot 6  imp.  gaUi. 

It  iHH»^^  fftllons  weigh.^ « 1  ewt. 
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[  imperial  gallong  weigh 1  ton. 

k64  cylindrical  inches  weigh 1  ton. 

Kojlindrioal  inches  weigh 841  pounds. 

i  ojlindrioal  foot  weighs 491  pounds. 


TABLE 

y  tk$  Weiffhi,  Wine  Oalloni,  and  CuAie  I^et  of  Water  contained  in  tixfeet  of  Pmnpfrom 

four  to  twenty  inches  in  diameter. 
(From  Bodge'i  Practical  Hlnar*!  Guide.) 


i 


Weight 


Lb9, 

82.76 

86.95 

41.42 

46.15 

51.14 

56.8S 

61.87 

67.63 

73.63 

79.90 

86.42 

93.20 

100.22 

107.61 

115.00 

122.85 

180.90 

189.22 

147.78 

160.60 

165.68 

176.00 

184.60 

194.45 

204.54 

214.90 

225.51 

236.87 

247.50 

268.87 

270.51 

280.40 

294.53 


Wine  Measure. 


Oals. 

Qti, 

8 

8 

4 

1 

4 

8 

5 

2 

6 

0 

6 

8 

7 

1 

8 

0 

8 

8 

9 

2 

10 

1 

11 

0 

12 

0 

12 

8 

18 

8 

14 

2 

15 

2 

16 

2 

17 

2 

18 

2 

19 

8 

20 

8 

22 

0 

23 

1 

24 

1 

26 

2 

27 

0 

28 

1 

29 

2 

80 

8 

82 

1 

83 

2 

85 

1 

Pt*. 

1 
1 

11 

0 

1 

0 

li 

OJ 

0 

0 

0 

0 

0 

0 

0 

1 
1 
1 
1 
1 

0 

1 

0 
0 

1 
1 

0 
0 

1 
1 
1 
1 

0 


Onbto 
Feet 


0.622 
.591 
.662 
.788 
.818 
.902 
.989 
1.082 
1.178 
1.278 
1.882 
1.491 
1.608 
1.720 
1.840 
1.965 
2.094 
2.027 
2.864 
2.606 
2.C50 
2.800 
2.964 
3.110 
8.272 
8.438 
8.607 
8.781 
8.959 
4.141 
4.327 
4.518 
4.712 


"5 

si 
2^ 


Inches. 


Weight 


Lbs. 
806.95 
819.60 
882.51 
845.68 
859.10 
872.78 
886.72 
400.90 
415.85 
480.00 
445.00 
460.28 
475.69 
491.42 
507.40 
523.68 
540.18 
566.87 
573.88 
591.13 
608.65 
626.42 
644.67 
662.73 
681.26 
700.00 
719.10 
788.40 
767.96 
777.78 
797.85 
818.18 


WlneMettttre. 


OiOs. 

Qti. 

86 

2 

88 

1 

89 

2 

41 

1 

42 

8 

44 

2 

46 

0 

48 

0 

49 

2 

51 

1 

58 

0 

55 

0 

56 

6 

58 

8 

60 

2 

62 

2 

64 

2 

66 

2 

68 

2 

70 

8 

72 

8 

76 

0 

77 

0 

79 

1 

81 

2 

88 

8 

86 

0 

88 

1 

90 

8 

93 

t) 

96 

2 

97 

8 

Pti. 

1 

0 

1 
1 
1 
1 
1 

0 

1 
1 
1 
1 
1 

0 

1 
1 
1 

1 
1 

0 
0 
0 

1 

0 
0 
0 

1 
1 

0 

1 

0 

1 


Cubic 
Feet 


Feet. 

4.910 

5.118 

5.819 

5.580 

5.745 

5.960 

6.187 

6.414 

6.645 

6.880 

7.119 

7.868 

7.610 

7.862 

8.117 

8.879 

8.641 

8.909 

9.181 

9.467 

9.739 

10.022 

10.310 

10.602 

10.899 

11.142 

11.504 

11.818 

12.126 

12.448 

12.764 

18.090 


TABLE  OF  SPECIFIC  GRAVITIES. 


Metals. 


a 

;old.. 
ry.... 


Weight. 

Water  oeing 

1000. 


19,500 
19,258 
18,560 
11,362 
10,474 


Number  of 

Cubic  Inchee 

in  a  Pound. 


1.417 
1.486 
2.040 
2.435 
2.638 


Weight  of  a 
CnbTo  Inch, 
in  Pounds. 


.7058 
.6965 
.4902 
.4105 
.8788 


I 
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TABLE  OF  SPECIFIC  QVJiYlTlES.—ConHmud. 


Heteli. 


Bismuth  .. 
Copper  .... 

Brass 

Iron,  cast. 
Iron,  bar. 

Steel 

Tin 

Zinc 


Weight, 

Water  Mng 

1000. 


9,828 
8,788 
7,824 
7,264 
7,700 
7,888 
7,291 
7,190 


Xumberof 

CuMcJmAm 

in  a  PiomuL 


2.814 
8.146 
8.688 
8.806 
8.692 
8.680 
.790 
8.826 


Wdgfat 
in 


oft 


.8552 
.8178 


.2680 
.2790 
.2833 
.2686 
.2600 


Tarionf  Bodies. 


Marble,  average 

Granite,  average 

Chalk,  British 

Briok,  common  red , 

Brick,  Welsh  fire 

Tallow,  average 

Ice  from  Aresh  water 

Coal,  anthracite 

Coal,  bituminous.. 

Coal,  bituminous,  caking. 

Coal,  cannel 

Coke,  dry 


WelAt, 
Water  beiiig 

Weight  of  a 
CaUcFoot, 

1000. 

InPcnuMh. 

2,720 

70.0 

2<651 

166.6 

2,781 

178.8 

2,160 

135.0 

2,408 

160.6 

942 

60.0 

1,001 

68.0 

1,626 

96.8 

1,819 

82.4 

1,270 

79.8' 

1,272 

79.6 

766 

47.0 

Kmnlicrflf 

Cubic  Feet 

inafoa 


iZ. 

18.5 

12.75 

17.6 

14.5 

88.0 

86.6 

217 

28.0 

28J 

28.0 

47.8 


Seasoned  Umber. 


English  oak 

African  oak 

Rigffoak 

Beach  oak 

Ash  oak 

Mahogany,  Spanish... 

Bantzic  oak 

Kiga  fir , 

Maple 

Teak 

Elm 

American  oak 

Walnut 

Pitch  pine 

Red  pine , 

Mahogany,  Honduras. 

Sycamore 

Lime  tree 

Cedar 

Yellow  pine , 

Hemlock 

Cork 

White  pine 


Weif^t, 

Water  being 

1000. 


984 

944 

872 

862 

846 

800 

766 

768 

752 

750 

678 

672 

671 

660 

657 

687 

604 

600 

661 

461 

460 

240 

426 


Wei^tofa 
CabttFoot. 
in" 


I 


CobkIM 

inefoa 


68 
69 
64 
48 
62 
60 
47 
47 
47 
46 
42 
42 
41 
41 
41 
40 
88 
87 
86 
28 
29 
16 
26 


88.6 
88.0 
41.6 
45.0 
48.0 
45.0 
48.0 
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chains,  and  still  more  in  favor  of  steel  wire  over  the  iron  wire.  Bat  if  iron  or  sted 
wire  ropes  are  heat«d  before  use,  their  strength  is  reduced  one-half.  In  putting  on  the 
sockets  at  the  cuds  of  the  ropes,  that  part  is  weakened  if  heated  for  the  purpose,  and 
if  short  lengths  are  experimented  on  they  alwaj.s  part  at  the  socket;  but  in  prseticsl 
working  the  load  is  never  over  uue-fourth  of  the  breaking  strain/ or  one-half  the  resist- 
ance at  the  socket,  and,  consequently,  it  is  still  double  the  required  strength:  more- 
over, the  wear  and  tear,  and,  in  fact,  the  greatest  strain,  are  towards  the  upper  end  of 
the  rope,  or  that  part  which  winds  on  the  drum,  and  this  part  always  gives  way  first 

The  following  table,  furnished  by  Fisher  Hazard,  Esq.,  the  Mauch  Chunk  PennijI- 
vania  manufacturer  of  wire  ropes,  gives  the  relative  practical  working  dimefuumM  sod 
strength  of  hemp  ropes,  wire  ropes,  and  chains.  It  will  be  noticed  that  the  workisg 
strain  is  put  at  less  than  one-fourth  of  the  breaking  strain ;  while  the  breaking  strtin 
is  considerably  less  than  is  obtained  from  experiment  This,  howerer,  is  a  safe  pru- 
tical  test,  and  may  be  relied  on ;  for  while  a  piece  of  chain  or  rope  12  feet  long  may  beir 
30  tons,  the  same  rope  or  chain  300  feet  long  might  not  bear  more  than  20  tons.  Hie 
foregoing  tables  were  given  to  show  the  relative  general  strength  of  ropes  and  chiiM: 
the  following  one,  as  a  guide  to  their  practical  working  strengdi. 


Tabl4  of  Relative  Practical  Working  Strength  of  Rcpu  and  CkainM, 
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It  is  scarcely  possible  to  manufacture  wire  ropes  with  any  thing  but  good  dbanoil 
iron,  and  impossible  to  make  them  from  ordinary  common  iron;  and  the  same  reenll 
holds  good  to  a  greater  extent  with  steel  wire  than  with  iron  wire,  since  the  iron  moil 
be  good  in  the  first  place  to  produce  steel,  and  the  steel  must  be  uniformly  good  ti 
produce  fine  wire. 

But  this  is  not  the  case  with  hemp  ropes:   almost  any  kind  of  material  ctn  bt 


NoTK.— Aereral  of  the  foregotng  tablet  we  fhnn  %  pnctical  Uttle  work  on  "8tMm  Mid  tht  Stwik-XBgla^*^ 
William  Templeton.  " 
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lade  ap  into  ropes  of  this  description  in  such  a  manner  as  to  make  it  impossible  to 
jetoot  the  qualitj  and  strength  of  the  rope  without  actual  experiment.  The  same  thing 
say  be  said  of  chains:  almost  any  kind  of  merchantable  iron  can  be  forged  into  chains, 
nd  it  is  impossible  to  detect  the  quality  without  experiment  or  practice.  A  {-inch 
hftin,  or  one  manufactured  from  j-inch  iron,  may  stand  a  breaking  strain  of  24  tons 
r  made  of  good  iron ;  but  if  from  poor  iron  it  may  snap,  without  warning,  at  5  or  10 
mt.  In  the  first  case,  the  chain  will  stretch  considerably  before  breaking;  but  in  the 
itter  it  breaks  suddenly  without  giving  to  the  strain.  A  good  link  will  yield  until  it 
eoomes  parallel  or  straight  before  it  breaks;  but  a  poor  link  will  snap  off  without 
raming.  Chains  are  also  apt  to  give  way  at  the  point  of  welding,  if  badly  made,  even 
rith  good  iron ;  and  when  we  have  both  poor  smiths  and  poor  iron  to  contend  with  or 
;iHurd  against,  the  danger  is  great :  therefore,  in  regard  to  safety  as  well  as  economy, 
rire  ropes  are  far  superior  to  chains,  for  mining  purposes  particularly. 

The  breaking  strain  of  a  one-inch  wire  rope  is  set  down  in  the  foregoing  table  at  16 
na,  and  its  weight  at  1.55  pounds  per  foot;  the  breaking  strain  of  a  two-inch  wire 
ope  is  56  tons,  and  its  weight  7.05  pounds  per  foot:  consequently,  the  relative  strength 
I  in  favor  of  the  small  rope  as  to  its  weight,  and  indirectly,  as  to  use,  it  is  much 
lore  in  &vor  of  the  small  rope,  since  the  bending  backwards  and  forwards  over  a 
mm,  even  of  large  diameter,  is  more  injurious  to  a  large  rope  than  a  small  one.  It 
rtmld  require  4.75  feet  of  one-inch  rope  to  weigh  as  much  as  one  foot  of  two-inch  rope: 
OBieqnently,  the  breaking  strain  of  four  and  three-quarter  one-inch  ropes  would  be  76 
ma  against  56  tons  as  the  breaking  strain  of  a  two-inch  rope;  or  four  one-inch  ropes 
roold  bear  a  breaking  strain  of  64  tons, — 8  tons  more  than  a  two-inch  rope, — and,  if 
rorked  together  as  t^flcU  rope,  would  last  double  as  long  as  the  larger  rope. 

Flat  ropes,  therefore,  are  stronger  and  more  durable  than  round  ones  of  the  same 
rii^t,  and  are  to  be  preferred  for  colliery  purposes.  The  great  diffioulty  seems  to  be 
I  their  wear  together.  If  not  carefully  put  together,  one  may  bear  much  more  strain 
laa  the  other;  but  this  difficulty  can  be  obviated  either  by  the  manufacturer  or  the 
ponttor.  Great  care  should  be  taken  in  putting  on  the  sockets:  if  done  at  the  mines, 
!•  rope  should  be  stretched  powerfully  and  carefully,  in  order  to  equalise  the  strain. 
r  this  is  done,  and  the  rope  well  put  together,  it  will  outlast  two  round  ropes  of  the 
ime  strength. 

Another  objection  may  be  raised  in  the  lapping  of  the  rope  around  the  drum;  but 
16  true  principle  is  to  lap  the  rope  upon  itself  on  a  narrow  drum  or  wheel,  just  wide 
loogh  to  receive  the  breadth  of  the  flat  rope.  The  abrasion  in  this  case  is  not  greater 
lan  it  would  be  in  a  round  rope,  which  abrades  powerfully  against  its  own  side  as  it 
inds  on  the  drum.  The  winding  of  a  flat  rope  is  directly  on  itself,  and  the  abrasion 
,  therefore,  less  than  that  of  a  round  rope,  which  winds  against  itself  with  a  powerful 
ibbing  process,  on  account  of  the  indirectness  of  the  pull.  In  this  respect  the  advan* 
ige  is  with  the  flat  ropes  and  narrow  drums.  But  there  is  also  another  advantage  in 
arting  loads  from  deep  mines,  with  small  drums  increasing  as  they  draw  near  the  top. 
his  is  a  great  help  to  the  machinery,  as  the  load,  though  of  equal  weight,  exerts  a 
luch  greater  strain  on  the  machinery  and  rope  at  600  feet  distance  than  at  300  feet, 
idependent  of  the  increased  weight  of  the  rope  at  the  greater  depth.  Six  hundred  feet 
r  two-inch  rope  will  weigh  nearly  two  tons.  To  start  this  with  a  load  of  eight  tons 
ives  ten  tons  at  the  greatest  depth  and  nine  tons  at  half  the  depth.  But  the  effect  on 
M  machinery  is  much  greater,  since  it  requires  as  much  power  to  start  8  tons  at  600 
let  as  10  tons  at  300  feet  distance.  With  the  common  12-feet  drum  required  for  a  two- 
ich  round  rope,  the  leverage  of  the  pinion  is  just  the  same  through  all  the  drag, — as 
inch  at  starting  as  on  stopping.  But  with  the  flat  rope  and  liarrow  drum,  starting  at 
feet  diameter  and  ending  with  8  or  10,  the  leverage  or  power  of  the  engine  is  much 
raater  at  the  ooounencement  than  at  the  end,  on  the  same  principle  that  it  is  easier  for 
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a  man  to  work  a  windlass  with  a  six-inch  dram  than  one  with  a  twelTe-inoh  drum.  Bat 
in  the  case  of  the  flat-rope  colliery  drum,  the  diameter  increasM  as  the  rope  winds  on, 
and  as  the  weight  of  the  load  decreases. 

We  have  no  doubt  that  a  good  steel  wire  rope  of  three-quarter  inch  diameter,  in 
a  band  of  four  rupes,  would  bu  much  more  powerful  than  a  round  rope  of  two  inches, 
aud  that  it  would  wear  out  at  least  four  round  ropes ;  while  the  advantage  given  to  the 
machinery  would  save  several  thousand  dollars  in  the  first  cost  of  the  power,  and  be 
the  source  of  constant  saving  in  the  generation  of  steam. 

Powerful  machinery,  with  large  drums  and  large  round  ropes,  is  very  elective  and 
available  at  our  large  colliery  establishments.  Steam  is  not  so  much  of  an  object,  sinee 
ooal  is  plentiful  and  cheap;  but  simplicity,  permanence,  and  reliability  are  importtnt 
considerations,  and  should  have  the  precedence  over  all  other  questions  in  mining 
economy.  We  do  not,  therefore,  advance  the  above  as  a  dogmatic  rule,  but  simplj 
suggest  the  availability  of  the  mode  proposed  as  equally  permanent  and  reliable  with 
the  best  machinery  now  in  use  at  the  anthracite  collieries,  and  as  possessing  greater 
lifting  power  with  less  steam  and  mechanical  strength  and  more  economy.  We  do  not 
propose  to  recommend  any  mere-  theoretical  project,  but  such  improvements  as  tend  to 
simplify  and  economize. 

Of  course,  hemp  ropes  are  now  obsolete  in  mining  economy  as  a  general  thing,  naee 
they  bear  no  comparison  to  wire  in  cost,  weight,  or  effect ;  and  chains  are  still  jam 
objectionable  for  deep  mines  and  heavy  weights,  however  they  may  be  made;  whib 
bands  of  steel  or  sheet  iron  are  not  much  better,  and  are  objoctioiiable  in  all  miaiig 
operations:  therefore  vrire  ropes  are  in  all  respects  superior. 

A  chain  capable  of  drawing  10  tons  from  a  depth  of  600  feet  woald  wei^  ow 
14,000  pounds,  or  10,000  pounds  more  than  the  weight  of  a  wire  rope  to  acoompliik  tk 
same  purpose;  while  a  steel  rope  to  draw  an  equal  load  from  the  depth  of  1000  ftil 
would  weigh  4000  pounds  less  than  an  iron  wire  rope  for  the  same  purpose. 

We  make  the  load  of  8  tons  as  the  maximum  in  our  deep  slopes.  It  would  be  xam^ 
oessarily  heavy  in  a  deep  shaft, — pay  1000  feet.  At  such  a  depth  a  wire  rope  of  tsf 
inches  diameter  would  weigh  7050  pounds,  or  over  three  tons.  If  we  add  to  this  7  toM 
as  the  weight  of  coal,  car,  and  cage,  it  would  still  make  a  load  of  ten  tons  to  start  witb, 
which  is  as  much  as  a  two-inch  rope  ought  to  be  subjected  to  at  that  depth,  as  moek 
as  the  heaviest  machinery  yet  built  in  this  region  for  mining  purposes  is  capable  of 
doing,  and  as  much  as  it  is  desirable  to  lift  at  one  time. 
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OUTSIDE  FIXTURES  AT  HIHSS. 
r  mines,  where  large  kinounta  of  muterial  &re  handled,  elevatioD  Is  required 
rarpoee  of  tr  hub  shipment  or  pn^paration.  At  coal-minea,  and  anthracite  mince 
mlar,  considerable  elevation  is  required,  in  order  that  the  ooal  nwj  paea  through 
«MeB  of  breaking,  cleaning,  and  separation  without  handling.  This  is  a  great 
the  eoonomj  of  mining.  All  handling  of  ooal  by  munnl  labor  should  be 
■a  far  aa  practicable.  We  do  not  think  there  can  be  anj  ease  in  which  ooa] 
bftadled  more  than  once,  and  that  is  by  the  minora  wh«u  it  ie  first  eioaTated  in 
«t>.  Then  are  a  few  instancas  in  which  eren  thish&ndiing  is  not  required;  M, 
ha  00^  is  worked  by  the  mode  known  aa  the  "run."  But  generallf  the  ooa] 
»  handled  onoe.  It  is  thrown  by  hand  into  the  mine.can,  when  those  oars  go 
Iweasts  in  flat  seams,  and  from  thbnce  passes  direct  to  the  "breaker."  If  the 
lie  drifl,  tunnel,  slope,  or  shaft  be  aa  high  as  the  top  of  the  breokw,  no  more 
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n  is  required;  bat  if  below,  the  cars  are  elevated  by  madunery  to  the  proper 
and  the  cars  are  emptied  or  "dumped"  in  the  upper,  or  receiving,  shnten  or 

tho  breaker.  From  this  point  (he  coat  deBconda  by  gravity  tiirougfa  the 
g-roUs  and  tho  BcroeoB  to  the  bins  which  contun  the  prepared  coal;  from 
it  ie  drawn  into  the  roilroad-.caTS  for  ebipment  to  market.    In  the  process  of 

through  tbe  breaking  and  olewiiog  mMhinerji  great  care  should  be  taken 
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to  separate  the  slate  and  bone  from  the  coal,  which  must  be  done  by  hand;  and  on  the 
care  with  which  this  is  done  depends  the  purity  of  the  marketable  coal.  It  is  tnie 
that  a  great  difference  exists  in  the  purity  and  cleanliness  of  coal  as  it  eomea  from 
the  mine,  since  some  seams  contain  much  more  slate  and  bone  than  others,  as  may 
be  noticed  in  our  sections  of  coal,  and  even  the  same  seam  frequently  yariee  in  this 
respect.  But  all  coal  contains  more  or  less  of  these  impurities,  genendly  in  the  bodj 
of  the  seam  itself,  but  often  from  the  top  or  bottom  slate.  It  is,  therefore,  of  the  greatest 
importance  that  provision  should  be  made  in  all  coal-preparing  establishments  for 
picking  out  the  slate  and  bone.  This  must  be  done ;  and  die  economy  and  thoroagb- 
ness  with  which  it  is  done  depend  as  much  on  the  means  provided  as  on  the  care  which 
is  taken. 

A  great  many  boys  are  usually  employed  for  this  purpose,  and,  unless  under  the 
care  of  a  steady  and  sensible  man,  they  arc  not  rh  industrious  and  watchful  as  the  case 
requires.  In  winter,  during  cold  days,  the  little  '*  slate-pickers'*  have  a  hard  time  gene- 
rally, and  but  little  can  be  done  as  our  breakers  are  generally  arranged.  Stoves  are 
sometimes  used ;  but  these  are  not  only  dangerous,  but  far  from  effective,  since  the 
boys  must  go  to  the  stove  frequently  in  order  to  keep  warm.  The  best  plan  is  to  wim 
the  **  slate-pickers* "  apartment  by  means  of  steam-pipes.  A  few  gas-pipes  passed  nesr 
the  boys  are  the  most  effective  for  the  conveyance  of  steam. 

HANDLING  AND  ELEVATION  OP  COAL. 

To  return  to  the  handling  of  coal,  we  would  notice  particularly  the  economy  of  tiiii 
item.  As  before  observed,  there  is  no  case  in  which  coal,  when  mined  on  a  large  seiK 
need  be  handled  more  than  once.  When  the  cars  go  to  the  miner  in  the  breasts,  we  heft 
shown  the  course  it  takes.  When  thrown  into  the  cars  by  the  miner,  it  is  handled  no 
more  until  it  goes  to  the  market, — perhaps  to  Maine  or  California.  When  worked  hf 
the  runy  it  is  not  touched  by  the  hand  of  man,  with  rare  exceptions,  until  it  goes  to  the 
cities.  When  worked  by  breast  and  shutes,  il  need  be  handled  only  onoe,  as  in  the  esse 
of  breast  and  cars. 

The  coal  is  thrown  by  the  miner  or  his  assistants  into  the  shutes,  and  slides  down 
the  incline  of  the  shutes  by  its  gravity  into  the  cars  at  the  bottom.  There  are  instaneei 
where  the  dip  is  not  steep  enough  for  this,  and  a  second  or  third  handling  is  required 
to  get  it  into  the  cars ;  but  in  all  such  cases  we  think  it  better  to  take  the  cars  into 
the  breasts.  Of  course,  from  the  cars  there  need  be  no  rehandling.  It  goes  through 
the  process  described. 

In  a  mine  from  which  1000  tons  per  day  are  expected,  a  seoond  handling  not  (mlj 
interferes  to  a  great  degree  with  the  amount  of  work  to  be  done,  bnt  increases  the  cost 
largely.  Outside,  when  circumstances  are  favorable,  a  man  may  handle  20  ionsof  oosl, 
but  in  the  minOs  10  tons  is  a  good  day's  work ;  and,  generally,  inclading  superintend- 
ehce,  oil,  tools,  and  interference  with  the  transaction  of  business  or  the  amount  of 
work  to  bo  done,  this  rehandling  will  not  cost  less  than  15  cents  per  ton ;  but,  in  order 
to  be  within  the  limits,  we  will  estimate  it  at  10  cents  per  ton,  and  we  will  find  thtt 
this  Himple  item — which  operators  do  not  notice— costs  them  ($100)  one  hundred  dolltn 
per  day  on  a  business  of  1000  tons  per  day. 

In  thcvse  little  items  lies  the  success  of  mining,  very  frequently,  and  they  oftea 
depend  on  the  manner  in  which  the  mines  are  laid  out  and  the  manner  in  whidi  they 
are  worked. 

In  the  outside  arrangements  many  large  items  of  expense  are  incurred 
notice  by  the  proprietors,  unless  they  are  practical  men.    We  have  firequenUy 
three  men  employed  where  one  would  have  done  much  more  work  by  the  aid  of  the  letil 
bit  of  ingenuity.    We  will  give  a  few  instances  out  of  many  we  haTe  seen. 
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A  heary  oar  oomes  to  the  top  of  the  shaft,  and  this  must  be  removed  to  the  breaker, 
which  is  30  yards  distant.  Tho  grade  is  leyel  and  the  curve  of  the  track  great-,  with 
rails  of  equal  height  It  requires  four  men  to  push  tho  car  to  its  place  and  dump  it, 
and  two  minutes  are  consumed  in  changing  the  cars;  perhaps  the  same  thing  happens 
at  the  bottom ;  and  thus  not  less  than  five  minutes  are  taken  up  with  eaoh  car  of  coal, 
—■ay  two  tons. 

Now  notice  the  difference.  By  elevating  the  car  six  inches  higher  and  raising  the 
off  rail  in  tiie  curve  a  little  higher  than  the  inside  one,  and  by  a  simple  contrivance  on 
the  "cage,''  the  car  leaves  tho  cage  and  runs  by  its  own  gravity  to  the  dump,  and  one 
man  can  manage  it  and  change  the  cars  in  half  a  minute.  Hero  we  not  only  save 
about  five  dollars  per  day  for  labor  on  tho  top  alono,  but  tho  businefis  of  tho  colliery 
may  be  more  than  doubled,  which  is  enough  to  '*  break  or  make'^  a  concern,  when  all 
the  machinery  and  contingent  expenses  remain  the  same. 

But  at  the  same  place  there  may  be,  a?id  are,  other  items  equally  expensive  and 
objectionable.  The  top  of  the  breaker  is  limited  for  height  and  space,  and  there  is  not 
room  to  dump  more  than  two  or  three  cars.  The  men  whose  duty  it  is  to  put  the  coal 
into  the  breaker  are  crowded  together,  and  cannot  do  half  their  duty.  They  put  every 
thing  through  the  breaker.  A  rock,  which  might  be  thrown  out  easily,  is  broken  into 
a  hundred  fragments  and  mingles  with  the  coal.  Much  of  it  remains  there;  and  what 
may  be  picked  out  is  with  great  labor  and  expense. 

The  coal  comes  out  of  the  mine  faster  than  it  can  be  handled  on  top  of  the  breaker, 
and  the  machinery  must  wait,  the  men  on.  top  must  wait,  and  half  the  men  in  the  mine 
miui  wait.  Instead  of  500  tons  of  coal  being  mined  and  prepared  per  day,  at  a  coet  of, 
70  centa  per  ton,  less  than  300  is  done,  at  a  cost  of  $1.25  per  ton. 

These  items  may  be  carried  out  from  the  miner  through  all  the  processes  until  the 
ooai  reaches  the  cars  for  shipment  to  the  markets;  and  instead  of  two  or  three  instances 
we  might  name  and  describe  a  dozen  or  more, — not  all  at  one  mine,  or  no  concern  oould 
bear  the  expenses;  but  generally  one  or  more  of  these  ** profit  and  loss*'  items  are  to  be 
ebeerved  at  each  establishment. 

MINING  ECONOMY. 

The  economical  mining  of  coal  depends  on  the  facility  with  which  it  can  be  taken 
from  the  miner  to  the  top  of  tho  breaker. 

ISbst. — The  mine  should  be  so  planned  and  laid  out  as  to  enable  the  miner  to  work 
with  security  and  in  a  pure  atmosphere ;  which  can  be  done  only  by  a  system  of  venti- 
lation like  that  described  in  the  preceding  pages. 

SicoND. — It  is  equally  essential  that  the  plans  of  working  be  so  arranged  that  the 
miner  can  cut  his  coal  with  the  greatest  ease,  and  put  it  into  the  cars  with  the  least 
amount  of  labor.  The  difference  in  this  item  ranges  from  20  to  50  cents  per  ton  in  the 
anthracite  mines,— depending  on  the  size  and  character  of  the  seam,  and  the  manner  in 
which  it  is  mined. 

Thibd. — To  the  operator  and  proprietor  there  is  an  interesting  question  concerning 
the  amount  of  coal  which  can  bo  obtained  from  an  acre  of  ground.  When  the  mines 
are  opened,  gangways  and  headings  driven,  railroads  laid;  in  fact,  all  the  expensive 
dead  work  done,  and  machinery  erected, — ^to  do  which  and  keep  tho  same  in  operation 
includes  about  one-third  tho  expense  of  mining, — it  is  important  that  all  the  available 
coal  opened  should  be  obtained. 

If  the  coal  cost  50  cents  per  ton  to  mine  and  deliver  on  the  top  of  the  breaker,  pro- 
Tided  30,000  tons  per  acre  be  mined  from  the  Mammoth  of  25  feet  thickness,  it  will 
e08t  70  cents  per  ton  on  the  long  run  if  only  20,000  tons  are  extracted.  This  may 
appear  paradoxical;  but  a  little  figuring,  or,  better,  some  experience,  will  be  con- 
vincing.   We  consider  the  '* boundary  plan,"  as  described  in  this  work, — a  modification 
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of  tho  Engliflh  "  board  and  wall"  and  "  long-wall"  modes, — the  best  and  moet  economkil 
that  can  be  used. 

Fourth. — Tho  facilities  provided  for  the  conveyance  of  the  coal  from  the  miner  lo  the  top 
of  the  breaker  are  important  items.  Good  inside  roads,  easy  grades,  and  room  for  the  pa» 
age  of  trains,  are  all  items  deserving  attention.  The  size  of  the  cars  depends  on  the  nn 
and  dip  of  ihe  seam,  and  may  be  from  one  ton  to  four  tons  in  capacity;  from  two  to  three, 
however,  may  be  the  most  economical,  since  they  must  occasionally  be  handled  by  men. 

At  the  bottom  of  the  slope  or  shall,  arrangements  should  always  be  made  for  the  ninr 
and  rapid  transfer  of  the  cars, — ^the  empty  one  coming  down,  and  the  loaded  one  going 
up.  The  same  arrangement  should  be  made  at  the  top  of  the  slope  or  shafts  so  that  the 
cars  shall  move  by  their  own  gravity,  not  requiring  manual  labor  to  start  them  from 
thoir  ]>ositLon. 

FiFTu. — Elevation  of  tho  ])roaking,  screening,  and  separating  machinery  is  essential 
An  elevation  of  from  50  to  75  feet  is  generally  required.    A  shute  or  bin  above  the  n^U 
or  breaker  proper  is  desirable  to  hold  the  coal  on  coming  from  the  mines,  and  to  {pre 
the  laborers  opportunity  to  select  the  coal  in  the  lump,  and  pass  the  required  kinds  aul 
sizes  through  the  breaking-rolls.     Screens  should  also  be  provided  to  sejmrate  certaii 
portions  of  tlie  coal.     Steaml>oat  and  lump  coal,  of  course,  need  not  go  through  the 
breaker,  unle<is  a  large  amount  of  Rteamb;.iat  coal  is  required;  neither  should  thaftp(v> 
tion  of  the  coal  wliich  is  already  small  enough  go  through  the  breaker-rolls.    By  pn^ 
viding  for  those  sizes,  much  waste  and  some  labor  may  be  saved,  and  the  crowding  of 
hands  will  be  avoided ;  while  the  slate  and  impurities  may  be  separated  from  the  ooal 
in  the  rough,  or  before  they  are  shattered  and  scattered  by  the  breaking  process.   The 
separation  of  the  dirt  from  the  coal,  and  of  the  small  ooal  from  the  large  coal,  tin 
facilitates  tho  selection  of  the  rock^  slatty  and  hone  from  the  ooal. 

Sixth. — The  foregoing  embrace  tho  principal  items  of  economy  in  minings  as  fir  n 
the  design  and  style  of  works  are  concerned ;  but  perhaps  the  m(jet  important  itm, 
after  all,  in  the  economy  of  mining,  is  eflSciency  of  management.  Energy  and  ocmFtiit 
attention  are  required  in  all  castas;  but  these  qualities  are  second  only  to  judgment 
and  experience.  "We  have  ofton  noticod  the  great  difference  in  the  cost  of  mining  and 
preparing  coal,  under  the  same  circumstances  and  conditicms  in  seam  and  general 
availability,  in  two  collieries,  owing  to  tho  difference  in  management. 

In  one  case  we  see  the  greatest  activity  and  energy  displayed,  but,  unfortanatelv, 
laaks  that  can  only  be  seen  by  experienced  eyes  are  making  sad  drainage  on  the  profit*. 
In  another  case  we  notice  a  calm,  almost  careless  expression  and  action,  but  we  see  the 
greatest  order  and  system  in  the  operation,  and  no  item  that  could  be  improved  or 
expense  that  could  bo  saved. 

A  large  amount  of  the  work  done  in  the  interior  of  the  mines  can  be  done  with  more 
economy  by  contract  teork  than  by  day's  work.  Miners,  like  most  business  men,  loc4 
sharper  to  their  own  interests  than  to  other  people's.  They  may  do  a  fair  day's  work 
for  one  dollar  and  fifty  cents,  but  they  will  do  more  if  they  can  make  three  dollars  per 
day  by  contract.  Now,  it  happens  that  c^ml-miners  will  ask  one  dollar  per  wagon  or  car 
for  cutting  coal,  if  they  can  get  it  for  asking,  and  they  will  often  say  that  they  cannot  do 
it  for  less;  but  the  experienccvl  manager  knows  it  can  be  cut  for  fifty  cents,  and  he  wiQ 
not  give  more.  A  yard  of  gangway  may  bo  driven  for  five  dollars,  but  the  miner  may 
want  seven  d(»llars  and  fifty  cents,  and  may  not  accept  less;  whereas  some  one  else  may 
take  it  and  make  good  wages  at  five.  Breasts  may  be  driven  by  the  yard  under  ea^ 
tract, — say  20  yards  wide, — but,  if  the  miners  are  not  watched,  they  will  contract  them 
to  15  yards;  and  thus,  if  the  coal  be  30  feet  thick,  50  tons  of  coal  will  be  lost  to  Ihi 
proprietor,  which  may  be  worth  to  him  50  dollars,  under  the  circamstances.*    Tbess 

'  >>r  mining  fricnda  will  sco  that  wc  undentond  their  "tricks  and  their  nuumen;"  but  tre  must  air  tM 
iT  thMi  M«  too  honeit  to  b«  mmaari  lutinut  men. 
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an  only  a  few  out  of  handreds  of  instances  which  might  be  named  in  which  judgment 
and  experience  are  of  more  importance  than  energy  and  action;  bat  when  ail  are 
combined  in  the  management,  we  find  the  result  in  profits. 

LOCATION  OF  OUTSIDE  IMPROVEMENTS. 

On  this  subject  we  shall  be  brief,  not  because  of  its  insignificance,  or  that  it  can  ie 
intelligently  discussed  in  a  few  words,  but  for  the  simple  reason  that  nothing  short  of 
am  elaborate  discussion  could  present  the  importance  of  the  subject  in  a  comprehensiye 
or  Taluable  shape. 

The  outside  improvements  of  our  large  colliery  establishments  cost  from  $50,000  to 
^150,000, — depending  on  the  amount  of  business  to  be  done,  the  character  of  the  plan 
adopted,  and  the  nature  of  tho  location. 

It  too  often  happens  that  a  set  plan,  from  which  there  is  no  deviation,  is  made  to  answer 

every  type  of  location,  ignoring  entirely  every  natural  advantage  which  may  be  offered, 

the  consequent  result  being  a  vast  addition  to  the  first  cost,  and  a  continual  disadvantage 

in  t^e  operation.    The  object  to  be  accomplished  is  economy  in  first  expenditure  and 

Ibtare  operation ;  but  if  both  can  be  accomplished,  it  is  the  duty  and  business  of  the 

engineer  to  see  it  done.     Therefore,  while  a  general  and  tried  system  of  improvementa 

may  be  followed,  the  natural  advantages  or  disadvantages  of  the  location  should  be 

duly  considered,  and  either  be  mode  use  of  or  provided  against.     How  this  may  be 

done  can  perhaps  be  best  learned  from  seeing  how  it  has  been  done, — not  in  any  one 

locality,  but  in  many  localities.    If  all  the  improvements  made  use  of  at  the  variona 

eollieries  throughout  the  anthracite  regions  could  be  blended  in  one,  we  might  expect 

i  model  operation.    It  is  scarcely  possible,  however,  for  this  to  be  done ;  but  we  know 

of  many  mining  establishments  that  would  have  been  much  more  convenient  and  more 

aeonomically  worked  with  certain  additions  or  alterations  which  we  have  seen  elsewhere. 

Ife  cannot  point  out  those  instances  without  invidious  mention  and  comparison,  and 

will,  therefore,  only  call  attention  to  the  subject  in  general.    But,  in  order  to  make 

dear  our  meaning  on  this  subject,  we  will  state  an  instance,  to  show  how  natural 

advantages  may  be  made  use  of. 

A  colliery  was  erected  on  a  comparatively  flat  seam  of  coal.  It  was  found,  however, 
that  the  seam  dipped  more  rapidly  towards  the  centre  of  the  basin,  and  that  it  would 
require  a  deep  shaft  to  reach  it,  and  that,  when  reached,  only  a  portion  of  the  coal 
eould  be  obtained  conveniently  by  breasts,  or  where  the  dip  was  sufficient ;  and  that 
above  the  brow  of  the  dip  could  only  be  brought  down  by  inclines  to  the  bottom  of  the 
abaft ;  or  one  portion  of  the  mine— say  50  yards — above  the  shaft  could  be  worked  only 
hj  "breast  and  shutcs,"  and  the  other  portion — say  150  yards— could  be  worked  only 
by  "  breast  and  cars.''  Still,  the  true  mode  of  working  this  coal  did  not  occur  to  the 
management.  The  location  of  the  breaking  establishment  was  changed  from  a  fine 
natural  site  to  one  presenting  many  disadvantages,  and  a  shaft  was  sunk  to  the  coal  on 
one  aide  of  the  breaker,  and  a  tunnel  driven  on  the  other. 

The  distance  to  the  brow  of  the  dip  was  not  over  50  feet  across  the  measures;  or  a 

riiaft  50  feet  deep,  at  an  angle  of  50°,  would  have  reached  the  seam  at  a  point  where  a 

perpendicular  shaft  could  not  be  sunk,  on  account  of  the  face  of  the  hill.    This  short, 

doping  shaft  would  cut  the  coal  on  the  brow,  where  150  yards  of  breast,  or  an  average 

dip  of  15°,  existed,  and  which  could  be  mined  with  cars  in  all  the  breasts  with  much 

aeomomy.     Now,  let  us  see  the  difference  in  first  cost.    The  perpendicular  shaft  is  about 

150  feet  deep,  costing  at  least  $10,000  more  than  the  sloping  shaft  would  have  cost;  the 

tunnel  cost  $7000,  and  the  additional  cost  of  breaker  and  machinery  more  than  would 

have  been  required  by  the  former  mode,  not  less  than  $10,000. 

Thus,  we  have  $27,000  as  the  increased  cost  by  adopting  this  mode.    The  business 
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4oa»  nuy  be  plaoed  at  200  tons  per  day  from  ihe  shaft,  and  tfa«  additional  «oat  not  len 
than  ten  oenta  per  ton  over  what  would  hare  boeo  the  cost  in  case  a  atopuig  abaft  waa 
used,  from  the  greater  drainage,  the  greater  elevation,  and  the  inconvenience  of  mining 
under  the  complicated  eyetem  inevitable  in  the  case  of  a  deep  shaft. 

If  a  sloping  shafl  across  the  measures  had  been  adopted,  all  the  coal  conld  have  be«i 
devat«d  direct  to  the  top  of  the  breaker;  bat,  by  the  plan  made  use  of,  the  coal  from 
botb  tunnel  and  shaft  was  elevated  to  the  top  of  the  breaker  bj  independent  machinery. 
Therefore,  wo  think  ten  cents  per  ton  a  low  estimate  for  Ihe  additional  cost  entuled 
on  a  buaineas  of  200  tons  per  day,  and  one  which  would  last  as  long  as  the  colliery  at 
the  present  level,  which  cannot  be  short  of  ten  years.  Thus,  we  End  this  error  of  locft- 
tion  entailing  not  only  a  jearlj  expenditure  of  $6000,  but  limiting  the  business  tit  a 
small  capacity,  besides  necessitating  the  increase  of  the  original  capital  and  its  interest. 

There  are  muiy  other  instances  of  error  in  location  which  betray  a  greater  want  rf 
experience  and  judgment  than  this,  but  wo  must  let  this  one  suffice  for  all. 

COAL-BBBAEINQ  MACHINEBY. 

Where  a  large  bnmnees  is  done,  the  saving  of  five  per  cent,  in  the  waste  of  ooil  bj 
breaking  effects  a  considerable  saving  in  the  year,  and  this  can  be  done  in  most  eases. 
On  SOO  tone  per  day  this  amounts  to  25  tons,  or  7500  tons  per  annum,  which  is  worth 
from  tl.OO  to  $1.50  per  ton  at  the  top  of  the  breaker.  We  think  some  of  our  improved 
breakers  efiect  at  least  this  saving  over  others;  and  in  some  cases  we  have  no  doubt 
that  the  waste  is  ten  per  oent.  greater  than  it  should  be,  with  proper  care  and  pro- 
visions. We  think  the  waste  occasioned  by  tbe  rrtMAtn^  of  cool  in  rollers  ranges  Iron 
10  to  20  per  cent,  of  the  whgle  shipments,  as  a  general  rule:  we  include  in  this  a 


pea-coal.  In  oaMt  where  oS  the  coal  goea  fiuvugb  tbe  rolls,  the  waste  is  greater,  and 
may  re^h,  in  a  few  oases,  25  per  oent  of  Ae  entire  production  of  the  mine. 

The  first  care  should  be  to  put  as  litUe  through  the  breaker  as  possible.  All  that 
may  be  judituously  saved — as  lump  and  steamboat — may  be  kept  out  of  the  enuien, 
and  all  that  is  already  small  enough  should  be  passed  down  to  the  screens  without  f;oing 
through  the  rolls,  since  the  greater  the  mass  that  is  rushed  through,  the  greater  will  be 
tile  waste.  £ven  a  cargo  of  prepared  coal  put  through  tbe  second  time  would  lose  bf 
the  operation  from  one-fitUi  to  one-tenth  of  its  bulk  in  pea-coal  and  dirt,  depending  00 
tbe  volume  with  which  it  was  fed  into  the  rolls. 

Tberffbr^  onl^  the  oosl  which  is  required  to  be  reduced  ibonld  be  poBsed  thrott^ 
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tte  breaker,  and  the  rolls  should  be  oonstraoted  with  as  little  crashing  tendency  as 
posnUe.  The  best  breakers  we  have  seen  are  the  ''bawk*billid*"  rollers,  and  the 
I)iekson  wrought-iron  rolls  with  steel  teeth.  The  hawk-billed  rolls  may  be  made  with 
sharp,  chilled  teeth,  and  the  Dickson  rolls  can  have  the  teeth  sharpened  whenever 
required. 

We  think  either  of  these  patterns  would  effect  a  saving  of  at  least  five  per  cent,  over 
the  old  form  of  segments  and  dull,  short,  cast-iron  teeth.  The  knife-edged  teeth  are 
mlso  better  than  the  old-fashioned  square  teeth. 

To  do  the  large  business  required  in  groat  colliery  establishments,  it  is  difficult  to 'find 
any  motion  so  available  for  coal-breaking  as  the  rotary.  A  great  many  other  modes 
have  been  suggested  and  tried,  but  we  have  not  yet  seen  any  which  are  so  effectual. 

There  has,  however,  boon  very  little  inventive  talent  brought  to  bear  on  this  subject. 
The  fate  of  the  first  inventor  of  coal-breakers  is  not  an  encouraging  example  to  others. 
We  think  the  coal-trade  have  paid  pretty  dearly  for  their  opposition  to  the  celebrated 
breaker  patent,  however  exorbitant  its  demands,  from  the  fact  that  we  continue  to 
crash  our  coal  to  an  extent  that  will  be  sadly  felt  when  our  mines  are  exhausted, 
mad  our  mining  villages  deserted,  while  mountains  of  refuse  stand  as  their  monuments. 
Had  the  inventor  been  encouraged,  we  have  no  doubt  the  case  would  have  been  different, 
ainoe  there  is  plenty  of  room  for  improvement 

WASTE  AT  THE  ANTHRACITE  MINES. 

If  we  take  fifteen  per  cent  as  the  average  waste  of  our  mines  in  dust  or  refuse  ooal 
(and  this  is  a  low  estimate),  wo  find  that  we  sustain  a  loss  of  one  and  a  half  millions 
on  a  business  of  ten  million  tons  per  annum.  This  immense  amount  of  vraste  is  eon* 
■tently  being  piled  up  around  our  mines  in  vast,  unsightly  mounds,  burying  our  mining 
willages,  and  sadly  encroaching  on  the  limits  of  our  chief  towns.  Those  who  are 
immiliar  with  St.  Clair  will  remember  the  mountains  of  coal-dirt  which  aJmost  encircle 
it,  and  which  encroach  even  on  its  streets. 

The  amount  of  this  waste  that  now  lies  around  our  coal-^ines  cannot  be  short  of 
ld,000,000  tons,  and  each  year  adds  to  the  rapidly  accumulating  dirt-bonks,  though 
9Tery  flood  of  rain  carries  off  a  portion  to  our  cellars,  streets,  canals,  and  rivers.  It 
^rill  become  a  necessity  in  time  to  find  some  mode  of  disposing  of  it. 

There  can  be  no  doubt  that  it  can  be  mode  use  of,  and  pcrhapn  with  much  profit 
^tid  advantage,  if  capital  and  enterprise  could  be  diverted  from  the  coal-mines  to  the 
coal^banks.     The  amount  of  money  ro(|uircd  to  put  up  a  first-class  colliery  capable  of 
Ruining  and  shipping  500  tons  a  day,  would  erect  machinery  powerful  enough  to  com- 
press even  anthracite  coal-dust  to  a  state  almost  as  solid  as  when  it  existed  in  its  bed 
beneath  the  mountains ;  and  perhaps  the  amount  so  consolidated  per  day  would  not  be 
less  than  could  be  obtained  from  the  mine.     Anlhrocite  coal-dust  can  bo  solidified  by 
pressure  without  the  admixture  of  any  foreign  ingredient;  but  the  pressure  must  be 
powerful.   An  admixture  of  ten  per  cent,  of  wet  peat,  or  of  five  per  cent,  of  fine  clay,  will 
help  the  solidification,  and  make  the  blocks  more  tenacious  and  durable.    The  amount 
of  ash  or  residue  would  not  be  greater  than  that  lefl  by  the  consumption  of  ordinary 
eoal,  since  the  combustion  is  more  perfect,  and  no  cinders  or  unbumed  embers  are  left. 
Bat,  when  circumstances  will  admit,  an  admixture  of  fifty  per  cent  of  the  rich 
hitaminous  coals  will  make  a  better  fuel,  and  require  no  other  adhesive  substance  than 
Iha  bitumen  which  the  bituminous  coal  contains,  which  is  brought  into  an  oily  state  by 
By  mixing  half-and-half  of  the  anthracite  dust  with  fine  or  pulverised  bitumi- 
ooal,  and  pressing  them  with  great  power  in  a  hot  state,  the  solidification  will 


*Th«  only  difflctilty  with  this  style  of  teotb  it  their  liability  to  crumble  or  break  off,  if  not  made  with  care. 
Wa  liare  heard  no  complaint,  howeTer,  on  this  score. 
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will  be  complete.  But  the  preesure  required  is  maoh  greater  than  may  readily  be 
imagined  by  those  who  have  not  tried  the  experiment.  The  writer  instituted  a  series  of 
such  experiments,  at  considerable  cost  of  time  and  money,  some  years  ago,  and  speaks 
from  practical  operations.  Perhaps  the  best  place  to  establish  such  a  business  would 
be  near  some  large  city,  where  either  clay  or  bituminous  coal  can  be  had  more  readily 
than  around  the  anthracite  mines,  and  the  anthracite  dust  can  be  transported  cheaper 
in  that  condition  than  when  formed  in  blocks  ready  for  fueL 

Coal-tar  and  coal-oil  have  been  proposed,  and  the  former  is  used  extensively  in  Europe 
to  produce  composition  fuel.  Goal-tar  is  certainly  as  good  as  bituminous  coal,  but  we 
do  not  think  it  could  be  obtained  in  sufficient  quantities  and  at  a  cost  to  justify  its  use 
for  such  a  purpose. 

Bituminous  coal  is  always  accessible  at  reasonable  cost,  and  the  fine  coal  can  always 
be  had  for  considerable  less  than  the  lump  coal,— enough  so,  in  fact,  to  pay  for  the 
operation  of  compressing.  The  Richmond  (Virginia)  coal  is  the  most  available  for  such 
a  purpose,  on  account  of  its  fat  and  bituminous  character,  and  may  be  mined  and 
brought  to  Philadelphia  cheaper  than  the  coal  from  our  anthracite  mines,  by  the  same 
outlay  and  enterprise  displayed  by  the  anthracite  miners,  since  the  coal  is  only  15  miles, 
on  an  average,  from  tide-water  on  the  James,  or  not  more  than  the  average  distance  of 
our  anthracite  mines  from  the  head  of  navigation  on  the  Schuylkill  or  Lehigh,  or  the 
head  of  the  leading  railroad  lines  to  Philadelphia. 

We  have  no  doubt  of  the  feasibility  of  the  plan  here  suggested  as  a  means  of  C(m- 
verting  our  immense  heaps  of  waste  into  an  excellent  article  of  fuel,  with  much  profit 
to  those  who  might  engage  in  it,  provided  they  put  capital  enough  in  to  insure  success. 
Such  a  "mutual  ooal-oonsumers'  company"  would  stand  better  chances  of  their  winter's 
fuel  and  of  reasonable  profits  than  many  which  have  been  blindly  and  foolishly  gone 
into  by  the  ooal-consumers  of  the  Eastern  cities. 

USE  OP  WASTE  COAL  AND  ORES  IN  BLAST-FURNACES. 

The  use  of  waste  anthracite  coal  in  connection  with  the  dust  or  refuse  ores  in  blast- 
furnaces is  an  invention  of  the  writer,  on  which  a  patent  is  pending. 

The  waste  coal  is  passed  through  a  screen,  and  the  clean  dirt,  as  free  from  slate  and 
impurity  as  it  is  possible  to  make  it,  is  crushed  between  heavy,  smooth  rollers  until 
it  is  perfectly  fine,  and  in  this  condition  is  ready  for  admixture  with  a  proper  quantity 
of  iron  ores. 

The  finer  particles  of  the  ores  rejected  by  our  large  blast-furnaces  are  collected,  with 
such  cheap  ores  as  may  be  available  from  the  anthracite  mines  or  other  localities,  and 
the  whole  passed  through  heavy,  smooth,  iron  rollers,  and  crushed  to  powder.  In  this 
condition  it  is  passed  Uirough  a  stream  of  water  in  which  it  is  violently  agitated,  and 
then  allowed  to  precipitate  in  successive  tanks.  The  richer  ores  will  be  the  first  to 
precipitate,  and  the  most  distant  sediments  will  be  the  leanest.  In  this  .manner,  ores 
of  any  given  richness  can  be  obtained  from  a  lean  matrix  or  seam,  and  the  only  objec- 
tion against  their  use  will  be  their  cost,  or  the  cost  of  mining,  since  the  cost  of  crushing 
and  precipitating  is  merely  nominal.  But  the  washing  and  precipitating  will  not  be 
necessary  with  rich  ores.  Such  have  only  to  be  crushed.  In  the  condition  above  de- 
scribed, the  ores  are  ready  for  admixture  with  the  coal-dust  in  such  proportions  as 
experience  may  dictate,  but  not  above  one  part  of  coal  to  one  of  ore  or  flux. 

The  third  process  is  to  bum  and  slack  a  sufficiency  of  lime  for  flux,  and  mix  the 
whole  in  given  proportions  in  the  state  of  brick  mortar.  The  mass  can  then  be  moulded 
by  hand  as  bricks  are  moulded,  and  dried  and  stacked  away  for  use;  or  they  can  be 
made  and  pressed  in  machinery,  and  stacked  away  to  dry  without  the  process  of  sun- 
drying. 
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When  sufficiently  dried,  the  blocks  are  ready  for  the  furnace,  and  the  materials  are 
go  intimately  mixed  and  so  minute  in  particles  that  the  carbonizing  and  deodorizing 
pocess  is  complete,  and  the  burden  arrives  at  the  melting  zone  in  a  state  ready  for 
fbsion. 

This  process  has  been  tried  on  a  small  scale  and  found  to  work  admirably ;  but  it  is 
here  mentioned  only  as  a  means  to  economize  the  waste  of  the  anthracite  mines. 

We  expect  most  of  our  extensive  coal-operators  will  be  pleased  to  give  away  the  waste 
eoal,  provided  it  is  taken  without  cost  or  inconvenience  to  them.  The  cost  then  will 
depend  on  the  transportation  and  the  preparation  of  the  material.  The  cost  of  crushing 
and  mixing  would  not  exceed  50  cents  per  ton,  and  five  tons  would  be  required  to  pro- 
dace  one  ton  of  iron.  One  ton  of  fine  ore  yielding  45  per  cent,  and  two  tons  of  lean  ore 
yielding  30  per  cent.,  would,  when  crushed  and  cleaned,  be  less  than  2|  tons,  yielding 
•n  average  of  40  per  cent  of  metal  in  the  furnace,  at  an  average  cost,  delivered  on  the 
gronnd,  of  $2.50  per  ton. 

The  lime  might  cost  $3  per  ton  to  transport  and  bum.  The  whole  cost  of  a  ton  of 
metal  would  stand  thus: — 

Three  tons  of  ore  delivered 7.50 

Half  a  ton  of  limestone,  burned 1.50 

Five  tons  of  coal,  ore,  and  lime,  mixed 2.50 

Labor,  &c... 2.50 

Cost  per  ton $14.00 

This,  under  ordinary  circumstances,  might  be  reduced  one-fourth,  since  the  figures 
ibove  are  all  given  at  maximum  rates.  But,  at  the  full  rates  for  the  best  ores,  the 
■Utfgin  lies  in  the  difference  in  the  price  of  coal,  since  the  preparation  of  the  five  tons 
«f  mixture  would  not  exceed  half  the  cost  of  coal  as  now  used  in  the  furnaces. 
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CHAPTER   XXV. 

MINE  8UBVEYINO   AND  ENOINEEBIKG. 


The  CompMi— Mining  Superintendent— Plan  of  Minet — Abandoned  Miners-Danger  fram  Water— Ov  lattnetti 
Fields  a  Munupolj  to  the  State — Keeper  of  the  Record*— Topographical  Plan— Horiaontal  or  WocUag  Fb»- 
LoDgitudiual  and  TrHverve  Plana— Mine  Snrreying — SorreTing  without  the  Magnetic  Haadle— CwmU urtlaH' 
Tablc»— ConTerting  Angles  to  Bearings — HypothenoM  Badioi — Parpeadioilar  BadJin  Jkat  Badhw— IImi 
Trigonometry — Problems — Petenbnrg  Mine — Vertical  Sorreying — Meaaoremeiit  of  Hdghtr— Hodsoild  « 
Traverse  Snrreying— Shafting— Sloping— Tunnelling,  4c. 

Ix  this  chapter  we  will  try  to  present,  in  a  clear  and  comprehensiTe  manner,  a  ijstai 
of  mine  survejing  or  dialling  which  should  he  understood  and  practised  by  every  iopa> 
intendent  of  extensive  mines  where  professional  engineers  are  not  employed.    Bat  bo 
man  is  fully  competent  to  design  and  operate  an  extensive  mining  eetablishment  vk 
has  not  the  ability  to  put  his  plans  on  paper  and  verify  them  by  mathematical  deBMA' 
strations.    To  do  this,  the  compass  must  be  used,  and  used  correctly.    In  all  the  opc» 
tions  of  mining,  this  instrument  is  frequently  required.  Without  it  there  is  no  eertuatj, 
and  but  little  order.    If  the  superintendent  or  inside  manager  cannot  nae  the  ccnpiw^ 
there  is  always  danger  of  confusion  and  error.    A  professional  surveyor  is  not  at  ham 
in  the  mines,  and  is  only  taken  inside  once  a  month,  or  perhaps  not  so  often,  andtlMi 
more  for  the  purpose  of  plotting  the  mine  than  for  the  purpose  of  laying  out  the  mA 
and  keeping  it  in  order. 

But  we  need  no  argument  to  prove  the  utility  of  this  art,  and  its  value  to  mine  ea- 
gineering.  It  is  indispensable,  and  should  be  part  of  the  education  of  every  mining 
manager  or  superintendent.  By  mining  superintendent  we  mean  the  agent  or  manigcf 
who  is  responsible  for  the  mining  operations. 

The  professional  engineer  of  mines  should,  of  course,  possess  a  wider  range  of  the  en- 
gineering sciences  than  this  short  chapter  on  mine  surveying  will  present.  However  iia* 
portant  it  may  be  that  he  possess  the  practical  information  required  for  the  designing 
of  mines,  and  however  certain  it  may  be  that  they  are  generally  deficient  in  this  part  of 
their  profession,  wc  cannot  suppose  them  deficient  in  the  use  of  the  compass  or  in  dvil 
engineering.  We  do  not,  therefore,  write  for  the  purpose  of  informing  professioiial 
mining  engineers  on  this  branch  of  our  subject,  but  for  the  instruction  of  that  extreodj 
useful  profession,  the  mining  superintendent,  who  must  be  supposed  to  be  in  possesnoa 
of  the  practical,  however  deficient  in  the  scientific,  branches  of  his  business. 

Wc  will,  therefore,  use  plain  language,  and  try  not  to  go  beyond  the  depth  of  ordi- 
nary comprehension,  since  we  write  for  the  instruction  of  those  who  know  little  of  the 
art  of  surveying  or  mine  engineering;  those  who  are  aufaii  of  the  science  must  not 
expect  to  find  the  matter  treated  in  a  strictly  professional  manner. 

We  propose,  however,  to  follow  "Budge's  Practical  Mine  Surveying,''  as  the  deanit 
exposition  we  can  find  on  this  subject;  and  the  tables,  diagrams,  and  examples  sis 
mostly  from  his  work.  In  some  cases  the  mode  may  be  different  from  that  genersQy 
used,  and  some  of  the  rules  may  be  old,  btit  for  the  learner  or  the  practical  miner  tfacy 
will  be  found  more  easy  to  acquire  and  practise  than  the  more  elaborate,  though 
perfect,  instruments  and  tables  of  the  profession,  as  now  adopted. 
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PLANS  OF  MINES  AND  MINING  PROPERTIES. 

It  is  not  only  usefol,  but  necessary,  that  plans  shoald  be  made  and  preseired  of  aU 
mining  estates  and  mining  operations.  They  not  only  present  the  whole  scheme  of 
operation  to  the  eye  and  the  mind,  bringing  the  facts  and  natural  advantages  to  a  focus, 
ind  thus  suggesting  the  course  and  mode  of  operation,  but  also  present  a  record  of  the 
rorkings  indispensable  to  the  management,  and  important  and  instructiTe  to  all  inte- 
«8ted. 

All  mining  operations  are  to  a  certain  extent  intricate ;  and,  while  it  is  possible  for  a 
lanager,  who  planned  and  executed  the  workings,  to  retain  a  good  general  impression 
r  all  the  avenues,  headings,  aiixourses,  breasts.  Sec,  in  the  mine,  he  cannot  be  sure  of 
is  points,  or  fail  to  fall  into  confusion  by  frequent  changes  of  dip,  which  we  so  often 
teet  with.  But  even  if  he  could  retain  all  this  in  memory,  and  provide  against  de- 
ingement,  he  cannot  transmit  those  "  memories"  to  a  successor,  or  convey  to  others, 
ftd  perhaps  to  thoHC  most  interested,  any  clear  impression  of  his  works,  plans,  or  inten- 
ons.  It  is,  therefore,  indispensable  that  plans  of  mines  should  be  made,  extended,  and 
reserved,  even  if  the  mine  may  be  limited,  since  it  cannot  be  known  to  what  extent  it 
taj  be  enlarged,  or  how  soon  it  may  be  abandimed. 

A  deep  mine  filled  with  water,  of  which  no  record  is  filed  or  plan  preserved,  not  only 
spreciates  the  value  of  the  property  on  which  it  exists,  and  all  other  properties  in  the 
ime  basin  or  in  the  vicinity,  but  is  always  a  menace  to  all  future  operation  in  the 
lighborhood.  We  have  noticed  the  fruits  of  this  carelessness  particularly  in  the 
ichmond  (Virginia)  coal-field;  but  its  evils  exist  perhaps  to  a  greater  extent  in  the 
ilhracite  regions,  where  many  an  old  half-exhausted  colliery  has  been  abandoned 
Mioat  leaving  a  note  or  a  mark  to  show  the  extent  or  direction  of  its  excavations. 
Millions  of  tons  of  water  accumulate  in  the  old  workings,  and  perhaps  might  never 
f  drained  by  direct  pumping.  But  other  operations  may  be  carried  on  in  the  same 
lOD,  and  it  can  never  be  certainly  known  when  and  where  the  danger  may  be  met.  A 
last  may  shatter  the  protecting  barrier,  and  in  a  few  minutes  the  whole  mine  and  all 
I  it  may  be  overwhelmed  and  drowned.  This  is  not  a  stretch  of  the  imagination,  but 
B  oocurrence  that  has  happened,  and  which  we  have  no  doubt  will  again  happen  when 
bandonod  properties  are  reclaimed,  since  there  is  no  certain  mode  of  providing  against  it. 

We  will  give  a  case.  A  slope  may  be  six  hundred  feet  deep,  and  all  the  available 
oal  extracted  from  lx)undary  to  boundary.  This  is  on  one  side  of  the  basin.  The 
lope  is  not  sunk  deeper ;  but  a  dip-level  or  small  proof-slope  is  sunk  to  the  depth  of 
50  feet  to  a  point  near  the  bottom  of  the  basin.  This  trial-slope  is  simply  a  narrow 
heading"  driven  down  the  dip  of  the  scam :  what  it  developed  is  not  known,  since  the 
line  is  abandoned,  engines  removed,  and  the  old  workings  filled  with  water.  Years 
iss  by,  and  eventually  a  new  slope  is  started  on  the  same  seam,  but  on  the  opposite 
ide  of  the  basin.  The  first  and  second  lifts  are  worked  out,  and  a  third  lift  reaches 
IS  basin;  but  no  danger  is  apprehended,  since  the  old  works  are  not  driven  to  the 
ottom  of  the  basin,  and  no  plans  remain  to  point  out  the  dip  or  trial-slope,  and  no 
Be  has  any  knowledge  or  recollection  of  it.  The  result  is  almost  certainly  fatal, 
ace  nothing  but  a  rare  chance  could  discover  the  communication.  It  might  be  cut 
ithout  a  moment's  warning,  and  nothing  could  save  the  mine  from  instant  destruction. 

This  is  not  a  rare  case:  we  have  known  it  to  happen,  and  we  know  it  may  happen 
H^n,  since  many  of  our  old  collieries  are  left  in  this  condition  or  in  an  analogous  one. 
i  is  fortunate,  however,  that  most  of  our  abandoned  collieries  are  above  water-level, 
nd  in  them  this  danger  cannot  exist. 

It  matters  little  how  limited  and  primitive  the  mining  operations  which  may  be 
irried  on  below  water-level,  all  coal  operators  owe  it  to  each  other  to  preserve  plans 
r  their  mines.    It  is  the  direct  interest  of  the  proprietors  of  coal  lands  to  compel  the 
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execution  of  plans  by  making  such  a  stipulation  in  all  leases,  and  it  ia  a  dotj  wldeh 
government  owes  to  its  citizens  to  see  that  their  lives  are  guarded  agminat  in  thia  pl^ 
ticular,  since  this  neglect  is  as  criminal  as  the  setting  of  "trapgnna''  and  '*|»tlaDi^  in 
the  highways. 

We  may  here,  perhaps,  state  a  proposition  which  seems  to  us  as  one  of  great  impQrt> 
ance  to  the  mining  community.  The  anthracite  coal-fields  of  Pennaylvaiua  in  a 
monopoly  to  the  State,  and  of  immense  value  to  her  prosperity.  They  eonstitate  i 
Bource  of  wealth  of  more  value  to  her  as  a  commonwealth  than  the  ability  to  dnv  il 
|)lea8urc  from  some  foreign  source,  if  such  were  possible,  an  amount  of  gold  eqnil  tp 
the  total  annual  value  of  her  coal-traae:  therefore,  any  thing  that  depreciates  Uib 
source  of  wealth  depreciates  to  the  same  extent  her  sources  of  income. 

A  keeper  of  the  records  of  her  mineral  wealth  is,  consequently,  as  necessary  as  are  lier 
s<'crctarics  or  treasurers.  The  duties  of  such  an  office  we  cannot  here  take  time  to  enoflM- 
ratc,  but  they  will  be  suggested  to  the  mind  of  any  observant  and  intelligent  man. 

The  mining  and  manufacturing  interests  of  the  State  are  the  paramount  souices  of 
her  industrial  and  progressive  wealth,  and  must  continue  to  be  so.  In  order  to  re&dv 
them  available  and  lasting,  they  must  be  economized.  This  cannot  be  done  withovt 
8i;me  system  of  encouragement  to  their  development,  and  protection  agiunst  waste  tid 
wilful  ignorance,  as  well  as  against  foreign  competition.  A  faithful  record  of  the  pith 
gress  of  the  trade  and  development  of  our  mineral  wealth,  and  statistical  returns  of  tb 
same,  would  be  not  only  useful  and  instructive  to  the  miner,  the  iron-master,  and  oil- 
merchant,  but  would  display  to  the  wealth  of  the  world  inviting  fields  of  enterpriia 
A  bureau  of  reference  would  be  established,  where  the  jplans  of  all  our  mines  woaU  te 
filed  yearly.  The  ventilation  of  our  deep  mines  should  be  displayed  and  oompandii 
such  a  manner  that  errors  may  be  detected  and  corrected.  The  ezperienoe  of  tti 
world  might  be  gathered  together  by  the  "keeper  of  mining  and  mineral  reeorii^' 
and  all  that  practical  skill,  invention,  science,  or  art  has  done  fiir  others  majte 
made  available  to  us. 

TOPOGRAPHICAL  PLANS. 

In  order  to  present  to  the  inexperienced  or  unprofessional  a  comprehensive  view  or 
impression  of  subterraneous  workings,  it  is  necessary  to  present  four  views  of  the  miM 
and  its  location. 

1.  A  topographical  plan. 

2.  A  horizontal  or  working  plan. 

3.  A  longitudinal  or  side  view. 

4.  A  transverse  or  end  view. 

The  topographical  plan  is  a  surface  map  of  the  mining  estate,  or  boundaries  of  ike 
mine.  It  shows  the  extent  and  connections  of  the  property  with  surrounding  lands  snd 
with  the  markets,  and  the  location  of  the  mines.  A  complete  topographical  map  sbosld 
also  be  a  geological  one.  In  addition  to  the  boundaries,  connections,  locations  of  hilU 
streams,  places,  mines,  and  roads,  the  outcrops  of  all  the  veins  or  seams  should  be  Isid 
down,  and  their  dips  and  axes  given.  The  outcrop  may  be  shovm  by  a  heavy  blsdi 
line  following  the  strike  of  the  seam,  and  the  axes  by  blue  lines  running  on  the  apes 
of  the  saddles,  or  in  the  centres  of  the  basin;  arrows  pointing  towards  each  otiM 
denote  basins,  or  synclinal  axes,  and  those  pointing  in  opposite  directions  denote  saddki, 
or  anticlinal  axes ;  an  arrow  pointing  along  the  line  of  the  axis  denotes  its  elevation  or 
depression;  the  direction  in  which  the  arrows  point  always  denotes  the  direction  of  thi 
depression. 

If  the  estate  is  extensive  and  extends  outside  of  the  coal  measures,  light  shades  of 
color  may  be  used  to  divide  the  geological  formations:  for  instance,  the  ooal  measvM 
may  be  a  dark  tint^  the  conglomerate  blue,  the  red  shale  pink,  and  the  Y espertuMt  or 
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proto-Carboniferoos,  yellow,  or  some  harmoniiing  color.  The  beds  of  ore  may  be 
eriinaon,  and  the  roads  may  be  ^ne  double  Hues  in  black,  with  the  railroads  crossed. 

When  it  b  possible  to  do  so  with  any  correctness,  it  b  important  that  transverse 
longitudinal  and  vertical  sections  should  be  constructed  on  the  margins  of  the  map.  In 
iaot,  an  engineer  b  not  capable  of  correctly  locating  a  shaft  or  mine  until  such  sections 
can  be  constructed  at  least  approximately.  The  general  dip  of  the  strata  and  a  few 
trial-pits  should  always  enable  the  engineer  of  mines  to  comprehend  the  cuces,  dipsy  and 
iirikeM  of  the  seams  or  lodes ;  for  this  applies  as  truly  to  ores  as  to  coal.  We  have 
given  on  our  map  of  the  anthracite  coal-fields  sections  of  this  character,  which,  how- 
ever, are  given  more  for  the  purpose  of  conveying  an  approximate  idea  of  the  general 
foim  and  connection  of  our  coal-fields  than  for  local  information.  No  geological  survey 
or  general  location  of  axes  of  formation  can  be  depended  on  for  local  operations.  £ach 
property  or  mining  estate  should  be  closely  and  carefully  examined  and  surveyed,  and 
the  exact  location  of  outcrops,  axis,  and  dips  laid  down,  before  any  attempt  b  made  to 
lafvelop  the  property ;  otherwise,  errors  which  may  be  irreparable  are  always  imminent 

When  a  mine  b  located,  it  is  always  done  after  a  certain  amount  of  inspection,  and 
on  the  judgment  of  a  practical  mining  superintendent.  But,  with  the  best  judgment, 
IhiB  b  a  hap-hazard  mode  of  proceeding.  If  the  same  judgment  was  made  use  of  after 
%  thoroagh  examination  and  survey,  with  the  location  of  the  chief  points  on  the  map 
before  it,  there  would  be  more  certainty  than  guess-work^  and  in  nine  cases  out  of  ten 
there  would  be  good  resultH.  A  mathematical  and  geometrical  demonstration  b  proof 
to  the  practical  judgment,  and  the  mind  may  be  easy  under  the  responsibility  of  the 
met  expenditure  attending  the  development  of  deep  mines,  which  cannot  be  the  case 
vhen  it  b  all  ventured  on  a  guess:  therefore,  if  $50,000  or  $100,000  b  not  saved  by 
%  little  judicious  preliminary  examination,  much  peace  of  mind  and  satisfaction  cer- 
tainly may  be  the  result. 

We  do  not  say,  however,  that  any  surveyor  or  engineer  may  make  such  an  examiner 
kion  and  come  to  a  satbfactory  conclusion.  It  would  be  better  to  trust  to  the  practical 
lodgment  of  some  experienced  party  than  to  depend  on  the  investigations  of  an  irre- 
iponsible  engineer.  But  we  do  say  that  even  such  a  survey  may  be  useful  and  in- 
Itructive  to  the  experienced  mining  superintendent  if  done  under  his  instruction  and 
lye.  It  would  be  far  better,  however,  if  the  mining  superintendent  were  capable  of 
loing  the  work  himself;  and  we  think  any  intelligent  man,  capable  of  so  responsible 
I  eituation,  may  so  prepare  himself  with  reasonable  application. 

HORIZONTAL  OR  WORKING   PLAN. 

This  is  the  mining  plan  and  guide,  and  whoever  attempts  to  conduct  an  extensive 
nining  operation  without  such  a  guide,  or  working  plan,  does  injustice  to  himself  or 
lis  employer. 

This  plan  gives  a  "bird's-eye  view"  of  the  under-ground  excavations,  or  such  as  could 
M  seen  in  reality  if  the  ground  were  removed  from  above  the  mine,  or  if  it  were  trans- 
mrent  and  we  could  behold  the  numerous  avenues  and  workings  in  the  subterranean 
acavations.  It  portrays,  on  a  miniature  scale,  all  the  gangways,  headings,  air-courses, 
unnels,  breasts,  inclines,  &c.  &c.,  with  the  solid  coal  in  advance,  and  the  goijj',  or  exca- 
rated  portions,  in  the  abandoned  parts  of  the  mine. 

But  in  this  horizontal  view  wo  only  see  the  top  or  mouth  of  the  shaft,  which  is  repre- 
lented  on  the  paper  as  the  area  of  the  diameter.  It  gives  no  idea  of  the  perpendicular 
beight  or  depth  of  shafts,  slopes,  inclines,  or  breasts.  Thb  can  be  obtained  only  from 
the  transverse  section.  Nor  would  it  represent  the  dip  or  underlay  of  the  seam,  which 
m  also  shown  by  the  transverse  section. 

These  plans  are  always  drawn  to  a  scale, — say  from  20  to  100  foot  to  the  inch ;  per- 


490  IflXIXG  ECOXOMT. 

hape  from  30  to  50  feet  to  the  inch  maj  be  the  best  seales  for  mining  plans.  If  icgnlir 
scaled  drawing-paper  is  not  used,  it  is  well  to  draw  faint  lines,  two  inches  apar^  at 
right  angles  acrcws  the  paper»  from  north  to  south  and  from  east  to  west.  These  ars 
to  remain  and  act  as  cardinal  points,  and  senre  as  a  base  for  protraction  witikont 
brioging  up  north  and  fMmth  lines  for  that  purpose.  They  also  serre  to  indicate  tbt 
eourse  of  levels,  and  act  as  proof  of  the  surreys,  as  well  as  a  guide  to  the  plotter. 

This  plan,  well  constructed  and  />ror«/,  becomes  inraluable  to  the  manager.  He  hti 
before  him  a  complete  miniature  of  the  mine,  and  can  tell  at  once  where  a  tnnnd  aitj 
be  driven,  a  slope  put  up  to  meet  a  descending  tme,  a  shaft  started  from  the  bottflo  or 
the  top,  and  the  best  mode  of  drainage,  rentilation,  and  general  working  is  suggested 
or  presented.  He  is  not  liable  to  get  the  mine  in  disorder  or  confusion  bj  increasing  or 
decrea<>ing  dips,  and  consequent  changes  in  the  strike  of  the  seam,  and  ooune  of  the 
workings  of  the  mine. 

LONGITUDINAL  PLAN. 

This  view  is  not  a  very  important  one  in  general  coal-mining  operations,  except  in 
cases  of  steep  dips  and  extonwve  workings.  It  presents  a  side  view  of  the  mine,  and 
gives  the  perpendicular  height  and  positions  of  shafts,  gangways,  air-oounes,  ui 
counter-levels,  but  conveys  no  good  imprecision  of  inclines,  breasts,  or  slopes,  more  thi 
may  be  given  in  the  horizontal  plan;  yet  no  mining  plan  of  pitching  seams  or  lodciii 
complete  without  this  view  to  the  inspection  of  the  inexperienced.  It  may  not  be 
tiecessary  to  the  professional,  yet  it  is  almost  impossible  to  oonTey  a  proper  and  dcir 
impression  of  the  plans  ond  intentions  of  the  mining  superintendent  to  those  who  an 
not  aujaitf  without  the  aid  of  this  view  of  the  mine. 

TRANSVERSE  PLAN. 

This  view  of  mining  operations  in  works  on  pitching  seams  is  as  important  as  tk 
longitudinal  plan,  if  constructed  for  the  purpose  of  conveying  general  infbnnatna  IB 
those  interested,  as  well  as  a  guide  to  the  management. 

This  is  an  end  view  of  the  works,  and,  if  taken  at  a  single  point,  represents  hot  a 
limited  portion  of  the  under-ground  operations.  In  the  case  of  a  shaft  on  a  flat  scaa, 
we  get  the  perpendicular  height  of  the  shaft,  the  point  of  intersection  with  the  eoal- 
scam,  the  extent  to  left  and  right  of  the  seam,  and  the  course  of  the  chambers  aai 
avenues  radiating  from  the  main  levelrt  or  gangways.  It  also  shows  an  end  viewof  tbi 
parallel  gangways,  air-courses,  and  headings. 

In  a  pitching  seam  it  gives  the  dip  of  the  coal,  and  the  size  and  dip  of  the  slope,  witk 
the  location  of  gangways,  air-courses,  counter-levels,  and  water-drains.  This  liev, 
therefore,  represents  only  one  p(jint  on  the  longitudinal  plan,  or  a  cross-section  of  tls 
horizontal  plan,  on  a  given  line.  If  the  dip  is  uniform,  and  the  plan  of  the  worb 
general  in  their  style,  a  single  view  is  sufficient  to  convey  a  good  impression  of  Um 
whole;  but,  if  the  dip  varies  and  the  plan  of  operation  changes,  it  is  nocessaiy tiiak 
transverse  sections  be  taken  at  each  point  where  those  changes  are  in  their  maximan 
condition. 

The  horizontal  plan  must  be  constructed  from  the  notes  of  the  survey,  or  from  tbe 
engin/^cr's  book ;  but  the  longitudinal  and  transverse  sections  may  be  made  in  tkc 
office,  by  the  aid  of  instruments  and  computation. 

No  work  of  this  kind  is  of  much  service  if  it  is  not  correct,  since  the  nice  calcalttioBS 
that  sometimes  become  necessary  in  mining  operations,  for  starting  shafts,  slopes*  tf 
wr-courscs  at  both  ends, — that  is,  above  and  below, — require  the  survey  to  be  prored  ai 
it  progresses,  by  fore  and  back  sights ;  and  when  upper  and  lower  levels  are  mmj^ 
or  run,  every  point  of  intersection,  where  the  course  of  the  crois-eat  or  incline  can 
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be  obtained,  should  be  marked,  since  they  tend  to  confirm  the  distances  if  not  the 
bearings.  If  the  survey  is  made  by  double  sights,  or  fore  and  aft  dialling,  it  is  plain 
that  the  two  final  sums  of  the  traverse  will  demonstrate  the  agreement  or  the  differ- 
SBoe.  When  satisfied  of  the  correctness  of  the  survey,  it  is  carefully  protracted  on 
die  plan;  and,  to  prove  that  the  work  has  been  properly  done,  we  apply  the  compu- 
tation of  the  dialling;  say  wo  had  807  feet  of  westings  and  208  feet  of  southings, 
we  apply  these  numbers  to  the  plan  by  scale,  and,  by  the  aid  of  the  cross-lines  or 
cardinal  points,  prove  whether  the  latitude  and  longitude  of  the  levels  surveyed  or  laid 
OD  the  plan  conform  to  these  lines. 


MINE  SURVEYING. 

In  the  following  instructions  on  mine  surveying  we  confine  ourselves  to  such  rules 
and  examples  as  apply  to  coal-mining  in  particular,  but  which  may,  nevertheless,  be 
Qsed  in  all  mining  operations.  The  simple  change  of  name  from  seam  to  lode,  or  from 
gangway  to  level,  in  the  phraseology,  is  about  all  the  difference.  In  fact,  most  of  our 
examples  are  from  Budge's  Practical  Miner*s  Guide,  which  was  written  principally  for 
the  Cornish  copper  and  tin  miners.  We  have  simply  changed  the  phraseology  in  some 
oases  to  adapt  the  rules  to  coal-mining. 

We  think  the  tables,  rules,  and  examples  given  will  be  found  to  cover  all  the  require- 
nwntfl  of  mining  superintendents.  When  difficult  and  delicate  surveys  on  important 
Occasions  are  demanded,  a  professional  engineer  of  mines  may  be  consulted ;  but  there 
mn  few  cases  in  mining  experience  which  the  simple  rules  and  examples  we  give  will 
Hot  embrace. 

In  order  to  form  good  and  careful  habits,  and  make  correct  surveys,  some  uniform 
ajstem  should  be  followed  and  strictly  persisted  in.  We  do  not  wish  to  prescribe  an 
inalterable  form  or  order  in  commencing  and  conducting  a  survey,  but  give  what  we 
consider  a  good  one:  those  who  find  better  systems  may  use  them;  but  wo  would  recom- 
mend earnestly  that  they  should  not  be  liable  to  lead  to  error,  or  be  open  to  mistakes 
mud  confusion. 

In  conducting  under-ground  surveys,  when  they  are  intricate,  and  embrace  numerous 
^tonnels,  cross-cuts,  inclines,  or  diverging  levels,  it  is  important  that  these  should  not 
become  confused  with  the  main  traverse.  If  those  branches  are  surveyed  as  the  main 
line  advances,  they  should  always  be  numbered  as  distinct  lines,  and  if  noted  in  the 
order  in  which  they  occur,  should  always  bo  carefully  marked  and  numbered,  so  that 
not  only  the  writer,  but  any  other  practical  man  may  read  and  understand  them. 

We  may  also  recommend  all  new  beginners — and  perhaps  the  rule  applies  to  the  pro- 
fessional also — to  let  the  sight  or  vane  fixed  at  3G0°  always  take  the  lead,  and  the  sur- 
Teyor's  eye  placed  at  the  opposite  vane,  or  end  of  tlie  compass  or  theodolite,  except 
when  taking  back  observations.  The  remarks  in  connection  with  the  converting  table 
on  page  495  will  explain  this  more  clearly. 

In  horizontal  surveying,  let  two  drafts  be  made  from  every  station,  which  will  ex- 
pedite the  work,  as  the  surveyor  will  only  have  to  wait  for  the  settling  of  the  needle 
once,  instead  of  twice  by  the  other  method. 


SURVEYING  WITHOUT  THE  MAGNETIC  NEEDLE. 

This  is  a  comparatively  new  method  of  mine  surveying.  "  Necessity  is  the  mother 
of  invention,"  and  the  introduction  of  railroads  and  "tram-ways"  in  mines  drove  the 
BorvoyoT  to  seek  some  substitute  for  the  needle, — which  the  attraction  of  the  iron 
rendered  useless, — and  he  has  succeeded. 
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In  8omo  mines  tbe  presence  of  iron  ores  also  attracts  the  needle,  while,  generallj,  no 
correct  Bunrcy  can  be  mado  under  ground  in  our  coal-mines  withoat  the  ciTCiimfereiilQr 
or  yernier  scale  on  the  uutfiide  of  the  compass  or  theodolite. 

The  method  of  surveying  on  this  principle  differs  from  the  magnetic  method  diiefiy 
in  one  particular,  namely,  that  in  every  fresh  draft  the  position  of  the  bearing  must  be 
ascertained  by  the  back  observation  in  the  direction  of  the  sights,  and  the  angle  mads 
at  the  old  station  must  be  obtained  and  preser^-ed  at  the  new  station ;  and  this  is  evident, 
because  we  have  no  magnet  for  our  guide.    For  example: — Suppose  we  are  surveying 
over  a  railway  in  a  level,  and  the  last  observation  was  259°;  after  measaring  the  length, 
the  instrument  is  removed  and  carried  forward  to  the  place  of  the  light  where  the  angle 
was  taken,  and  a  mark  and  light  left  at  the  old  station.    Then,  after  the  instrument  bu 
been  adjusted  in  its  true  place,  the  next  act  of  the  surveyor  is  to  place  the  centre  of  tbe 
vernier  on  259°,  as  it  stood  at  the  old  station ;  and,  if  tlie  instrument  does  not  move  by 
rack-work,  he  must  keep  all  firm  with  his  hands,  and  turn  the  head  toward  the  la«t 
station  until  the  candle  is  seen  through  the  sights.    He  then  removes  behind  the  inetni- 
ment,  and  moves  the  sights  in  the  direction  for  the  next  draft,  where  the  assistant  ii 
holding  a  light  for  the  purpose  (the  graduation  being  fixed),  and  this  new  draft  pm 
(say)  270 J^°,  showing  a  difference  between  the  two  drafts  of  lli^    Althoagh  this  proew 
is  somewhat  tedious  in  description,  it  is  simple  in  practice,  and  the  history  of  one  drift 
is  as  well  as  a  hundred ;  and  we  may  observe  that,  with  proper  care  and  judgment^  Uui 
is  the  most  perfect  method  of  surveying,  because  there  is  no  risk  of  attraction;  and,ai 
the  circle  is  much  larger  than  the  inside  plate,  and  the  divisions  more  distinct,  together 
with  the  vernier  scale  being  applied,  the  angle  can  lie  read  off  to  one  or  two  minntes,— a 
nicety  which  cannot  be  attained  by  the  needle  in  the  common  way.     It  is  hardly  neee^ 
sary  to  state  that,  in  order  to  obtain  the  bearing,  there  must  be  at  least  one  draft  in  the 
traverse  whcro  the  needU  must  be  brought  into  play^  and  this  draft  will  determine  tbi 
polarity  or  direction  of  the  whole. 

Further,  let  it  be  remarked  that  a  survey  may  be  resolved  into  bearings,  and  worked 
trigonometrically,  when  this  method  is  used,  as  by  the  needle. 

Suppose  a  case  that  we  arc  about  to  survey  over  a  railway,  but  there  is  space  enough 
clear  of  iron  for  the  first  draft;  and,  taking  the  observation  with  the  needle,  we  findtbi 
north  point  (a  right-hand  compass)  stand  at  176}°;  we  then  fix  the  outer  circle  with  die 
vernier  precincly  at  the  same  point,  and  then,  throwing  off  the  needle,  perform  all  dit 
remainder  of  the  traverse  by  means  of  the  outer  circle.  Hence  it  will  be  evident,  them 
if  the  outward  circle  is  also  graduated  towards  the  right  hand,  that  the  whole  oonrsewiD 
come  under  the  immediate  operation  of  the  "  converting  table>"  as  if  the  vrork  had  beea 
performed  with  the  needle;  and  if  the  graduation  should  be  reversed,  the  "left-hand^ 
bearings  will  apply  accordingly,  regard  being  had  to  inversion  in  both  cases. 

This  instrument  is  also  well  adapted  for  taking  the  bearing  of  slopes  having  a  lift 
of  iron  pumps, — a  job  that  has  oft^n  baffled  the  skill  and  ingenuity  of  engineers  and 
occasioned  numerous  and  most  serious  errors. 

The  operation  may  be  performed  thus.  Suppose  we  are  in  the  first  lift;,  and  fitm 
thence  to  the  second  the  slope  dips  3  feet  in  6  northerly.  By  applying  the  instrument 
at  some  point  in  the  level  near  the  slope  (but  far  enough  away  to  be  free  from  attrmcticn 
by  the  pumps),  we  find  the  bearing  by  tlie  needle,  to  a  point  opposite  the  slope,  to  be 
due  west,  and  the  vernier  on  the  outer  rim* standing  at  90°.  TVe  then  remove  the  instro- 
mcnt  to  the  slope,  where  the  light  was  held,  and  adjust  the  back  observation  as  befon 
directed,  having  90°  on  the  outer  rim,  and  the  needle  thrown  off  as  nseless,  because  ws 
are  now  close  to  the  pumps.  A  light  is  to  be  carried  down  the  slope  as  far  as  it  can  be 
seen,  and,  after  the  graduated  circle  has  been  screwed  fast,  the  rack  is  applied,  and  tht 
sights  turned  until  we  cut  the  candle  in  the  bottom  of  the  slope.  This  being  done,  ws 
examine  and  read  off  the  degree  against  the  point  of  the  vernier,  which  proves  to  bt 
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(■ay)  187P.  Now,  as  when  the  instrument  stood  in  a  due  west  position  the  outer 
flbele  etood  at  90^,  and  in  taking  the  bearing  it  stood  at  187}^,  therefore,  by  subtracting 
OOP  ftom  1871**  we  find  the  gain  to  the  right  hand  of  west  is  97}^  and,  the  dip  being 
northerly,  the  true  bearing  of  the  shaft  is  7P  east  of  north. 

The  imperative  call  for  accuracy  in  cases  of  this  kind  will  be  seen  when  it  is  con- 
ridered  that  the  diagonal  part  of  this  slope  is  upwards  of  240  feet,  and  the  dip  3  feet  in  6: 
eonsequently,  the  whole  base  is  more  than  120  feet,  and  an  error  in  the  bearing  has 
the  Hume  effect  on  the  survey  as  if  it  had  been  made  in  taking  a  horiiontal  draft  of  120 
ftei  long,  and  on  which  an  error  of  4°  would  throw  the  end  of  the  line  nearly  9  feet  too 
&r  rither  to  the  right  or  left. 

Should  a  surveyor  be  called  to  do  a  job  of  this  kind,  in  the  absence  of  a  suitable 
instrument  he  may  accomplish  it  in  the  following  manner.  Let  him  fix  a  cross-staff  in 
inch  a  position  that  through  one  pair  of  sights  he  can  see  the  candle  in  the  slope,  and 
in  the  line  of  the  other  pair  he  has  the  compass  fixed  in  the  level,  out  of  the  way  of  the 
attraction:  consequently,  the  light  in  the  slope  and  the  compass  in  the  level  are  two 
objects  forming  a  right  angle  with  his  cross-staff.  He  then  requests  his  assistant  to 
look  at  a  light  held  immediately  over  the  head  of  his  cross-staff  through  the  sights  of 
tte  compass,  and  he  finds  this  (say)  12^  north  of  west;  and,  as  the  bearing  of  the  shaft 
ii  eiaotly  at  right  angles  with  this  line,  if  the  dip  is  northerly  the  bearing  of  the  shaft 
will  be  12°  east  of  north;  if  southerly,  12®  west  of  south.  The  best  cross-staffs,  or 
iHtmments  for  the  express  purpose  of  taking  right  angles,  are  now  made  of  a  hollow, 
eyiindrical  shape,  of  brass,  with  cuts  or  apertures  for  taking  the  observation;  but  % 
labsfcitate  may  be  used,  on  a  pinch,  by  drawing  two  lines  at  right  angles  on  a  board 
aboot  six  inches  square  and  an  inch  thick.  Let  these  lines  be  cut  half  an  inch  deep 
with  a  fine  saw,  and  then  fix  the  board  on  a  three-feet  stand :  if  the  lines  are  truly 
drawn  and  cut,  this  rough  instrument  will  serve  until  a  better  one  can  be  procured* 

CONSTRUCTION. 

Tlie  old  method  in  laying  down  a  traverse  was  by  drawing  a  parallel  line  and 
lamoviDg  the  protractor  at  every  draft.  The  evils  of  this  practice  are  too  glaring  to 
lequire  remark. 

Fix  your  protractor  and  lay  off  as  many  drafts  as  will  come  within  the  convenient 
linge  of  your  parallel  ruler;  number  them  in  order  as  they  stand  in  your  dialling- 
bonk;  remove  the  protractor  and  lay  off  the  first  draft  from  the  centre  direct;  then 
apply  the  protractor  to  the  centre  and  No.  2,  and  make  the  parallel  movement  until  you 
touch  the  end  of  the  last  line,  or  No.  1,  and  then  draw  and  point  off  the  length  of  No. 
2,  and  so  on  through  all  the  drafts  you  have  pointed  off  from  the  protractor. 

The  advantages  of  laying  down  or  pointing  off  a  number  of  drafts  at  one  fixing  of 
the  protractor,  and  then  applying  them  in  their  true  length  and  position,  is  most  cun- 
•picuous;  and  the  geometrician  will  testify  of  its  superiority,  botli  as  it  regards  accu- 
lacy  and  expedition. 

CONVERTING  TABLE. 

Bewutrkt  on  (he  following  iahUfor  converting  the  degrees  recorded  in  the  dialling-iook  of 
an  under-ground  survey  into  the  bearings,    (See  Tables  page  4^5,) 

All  practical  men  are  aware  of  the  difficulty,  hazard,  and  delay  that  attend  an 
attempt  to  obtain  the  bearing  of  every  drafl  under-ground  in  a  long  and  complicated 
anrvey.  The  best  process  is  to  record  the  degree  or  angle  only  at  which  the  needle 
aettles,  and  after  the  work  is  finished  under-ground ;  then  convert  the  various  angles 
iato  the  real  bearing  or  true  direction  of  each  draft;  and  we  may  remark  that  the  bear- 
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ings  mtut  be  obtained  if  the  work  is  to  be  mathematically  proved.  Bat»  as  it  is  not  ai 
easj  matter  to  tum  a  long  course  of  surreyiDg  into  the  bearings  with  an  ammnce  of 
being  correct,  this  table  has  been  oonstracted  for  that  express  purpose;  and  itsatilitj, 
simplicity,  and  perfection  hare  been  acknowledged  by  many  practical  men. 

EXPLANATION. 

All  circumferentors  (dial,  or  miner's  compass)  are  not  graduated  alike.  In  sU  cuu, 
300°  stands  at  the  north  point,  and  180^  at  the  south ;  but  some  are  figured  towards  tht 
right  hand  from  the  north  point  (which  we  call  a  "right-hand  dial''),  and  others towtrdi 
the  left  hand:  so  that  a  "right-hand  dial"  has  90^  at  the  east  point,  and  a  ** left-hand 
dial"  has  90^  at  the  west  point.  This  diTcrsity  of  graduation  has  often  caused  modi 
perplexity  and  confusion  among  sunreyors.  The  following  table  is  contrived  to  nit 
both  sorts  of  instruments,  and  is  so  plainly  arranged  and  marked  as  to  require  bat  litdi 
explanation.  It  must  be  specially  regarded  that  the  table  has  bee§  constructed  opos 
the  consideration  that  the  eye  of  the  surreyor  has  been  applied  to  the  south  sigbt  or 
Tane  standing  against  180^:  this  tniui  be  invariably  Iht  cast.  Hence  the  north  n^ 
must  always  take  the  lead,  and  the  young  practitioner  may  here  be  told  that  in  sunej' 
ing  a  level  and  making  double,  or  fore  and  back,  drafts  at  every  station,  that  althoo^ 
bis  eye  must  be  placed  at  the  iwrik  sight,  necessarily,  for  the  back  obsenraUon,  jrt.  m 
the  dial  has  not  been  turned,  the  needle  ttill  aiand  to  the  true  degree  for  ike  record,  ui 
no  confusion  or  liability  to  error  can  occur. 

In  conyerting  an  under-ground  survey,  or  any  other,  from  angles  into  bearingi^  it  ii 
obviously  our  first  object  to  know  the  graduation  of  the  instrument  by  which  the  voik 
has  been  performed;  and  if  it  has  been  a  "right-hand  dial«"  and  the  first  draft  wssoi 
167^  the  bearing  would  be  13°  west  of  south;  but  if  it  was  done  by  a  " left-hand  diiL" 
the  bearing  would  be  13°  east  of  south  The  only  thing  where  a  liability  to  error  it 
all  exists  in  obtaining  the  bearings  by  inspection  from  this  table,  and  where  cantioo  ii 
required,  is  in  apphjing  the  fractions  of  degrees  when  they  occur  in  the  drafts.  On  tb«e 
occasions,  observe  that  when  the  angle  and  bearing  progress  alike,  as  in  all  the  left-liod 
side  of  the  column,  then  the  fraction  must  be  added  to  the  whole  number  of  the  betrisj;: 
but  otherwise,  as  in  the  right-hand  side,  the  fraction  must  be  deducted  from  the  whole 
number.  La!=(tly,  the  following  desirable  proof  may  be  resorted  to: — If  the  couth  ku 
hem  correctly  converted,  the  degree  and  bearing  added  together  or  subtracted  from  ioA 
other  will  make  one  of  the  following  numbers:  0,  90,  180,  270,  360;  and  this  msv  Is 
done  almost  at  a  glance,  after  the  survey  has  been  converted  into  bearings. 

Mots. — As  bcfure  btatoU,  we  are  quoting  Budge  flreeljr  in  this  chapter  od  Bline  Snnr^yiog. 
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FIRST  TABLE. 


HYPOTHENUSE  RADIUS, 

ONE  FATHOM,  BIX  FEET. 


AXOLB. 

Base. 

PlKPSyDICULAB. 

Beg. 

MiD. 

Feet.      Inches. 

1 

1 
DedmalB. 

Feet 

Inches. 

Decimals. 

I>e«. 

Wo. 

1 

0 

0 

.02094 

6 

0 

89 

59 

2 

0 

0 

.04189 

6 

0 

89 

58 

8 

0 

0 

.00283 

6 

0 

89    ;    57 

4 

0 

0 

.08387 

6 

0 

89    1    56 

5 

0 

0 

.10482 

6 

0 

89    ,    55 

6 

0 

0 

.12576 

6 

0 

89 

54 

7 

0 

0 

.14070 

6 

0 

89 

58 

8 

0 

0 

.1G7G5 

6 

0 

89 

62 

9 

0 

0 

.18859 

6 

0 

89 

51 

10 

0 

0 

.20943 

6 

0 

89 

50 

11 

0 

0 

23038 

6 

0 

89 

49 

12 

0 

0 

.25132 

6 

0 

89 

48 

13 

0 

0 

.27225 

6 

0 

89 

47 

14 

0 

0 

.29319 

6 

0 

89 

46 

16 

0 

0 

.81414 

5 

11 

.99982 

89 

45 

80 

0 

0 

.62831 

5 

11 

.99726 

89 

«) 

45 

0 

0 

94245 

5 

11 

.99881 

89 

15 

PnrantK 

[^XJLAm. 

Bin 

L 

AMmjL 

Note. — This  page  will  be  found  useful  in  particular  cases  for  long  lines  where  the  tig 
is  required  to  be  yery  minute.  It  will  be  seen  that  as  there  is  but  the  thousandth  ptrtt 
an  inch  difference  in  one  fathom  between  the  hypothenuse  and  perpendicular  on  the  tr 
15',  or  first  |  of  a  degree,  the  introduction  of  the  decimal  at  any  less  fraction  would  1 
ageless. 


Anolb. 

BA0S. 

PnFOrDICULAB. 

■ 

Deg. 

Min. 

Feet 

Inches. 

Decimals. 

Feet 

Inches. 

Decimals. 

Peg.    1    Min. 

1 

0 

1 

.25657 

5 

.98908 

89 

15 

0 

1 

.57067 

5 

.98286 

45 

80 

0 

1 

.88474 

5 

.97582 

30 

45 

0 

2 

.19877 

5 

.96664 

15 

2 

0 

2 

.51276 

5 

.95614 

88 

15 

0 

2 

.82666 

5 

.94249 

45 

30 

0 

3 

.14060 

5 

.98147 

80 

45 

0 

8 

.45442 

5 

.91708 

15 

8 

0 

8 

.76819 

5 

.90182 

87 

15 

0 

4 

.08188 

5 

.88420 

45 

80 

0 

4 

.39549 

.    5 

.86671 

30 

45 

0 

4 

.70902 

5 

.84584 

15 

PnPEXDICULAa. 

Bah. 

Amu. 

UtSS  SCJUVKyiNO. 
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Amu. 

Bao. 

»•«. 

MiB. 

JWL 

IncbM. 

F«et 

iBohat. 

DMimali. 

D^. 

MlB. 

4 

0 

5 

.02246 

5 

11 

.82461 

86 

15 

0 

5 

.88681 

5 

11 

.80201 

45 

80 

0 

5 

.64905 

6 

11 

.77805 

80 

45 

0 

5 

.96219 

5 

11 

.75272 

15 

6 

0 

6 

.27621 

5 

11 

.72602 

85 

15 

0 

6 

.68811 

5 

11 

.69798 

45 

80 

0 

6 

.90090 

5 

11 

.66858 

80 

45 

0 

7 

.21864 

5 

11 

.68778 

15 

6 

0 

7 

.62605 

5 

11 

.60558 

84 

15 

0 

7 

•.88842 

5 

11 

.57205 

45 

80 

0 

8 

.15068 

5 

11 

.58718 

80 

45 

0 

8 

.46269 

5 

11 

.50098 

15 

7 

0 

8 

.77459 

5 

11 

.46888 

88 

15 

0 

9 

.08688 

5 

11 

.42485 

45 

80 

0 

9 

.89789 

5 

11 

.88408 

80 

45 

0 

9 

.70926 

5 

11 

.84284 

15 

8 

• 

0 

10 

.02046 

5 

11 

.29980 

82 

15 

0 

10 

.88147 

5 

11 

.26490 

45 

80 

0 

10 

.64228 

5 

11 

.20914 

80 

45 

0 

10 

.96288 

5 

11 

.16208 

15 

9 

0 

11 

.26828 

5 

11 

.11866 

81 

15 

0 

11 

.57847 

5 

11 

.06874 

45 

80 

0 

11 

.88848 

5 

11 

.0125iS 

80 

45 

0 

.19816 

5 

10 

.96004 

16 

10 

0 

.50267 

5 

10 

.90616 

80 

15 

0 

.81198 

5 

10 

.85098 

45 

80 

1 

.12096 

5 

10 

.79485 

80 

45 

1 

.42978 

6 

10 

.78648 

16 

11 

1 

.78825 

5 

10 

.67716 

79 

15 

2 

.04660 

5 

10 

.61654 

45 

80 

2 

.86449 

6 

10 

.66458 

80 

45 

2 

.66221 

5 

10 

.49128 

15 

12 

2 

.96964 

6 

10 

.42668 

78 

15 

8 

.27680 

6 

10 

.86062 

45 

80 

8 

.58366 

5 

10 

.29881 

80 

45 

8 

.89021 

5 

10 

.22464 

16 

18 

4 

.19648 

6 

10 

.16465 

77 

16 

4 

.60248 

5 

10 

.08881 

45 

80 

4 

.80807 

6 

10 

.01062 

80 

46 

6 

.11338 

5 

9 

.98668 

16 

14 

6 

.41888 

5 

9 

.  .86129 

76 

16 

6 

.72204 

5 

9 

.72804 

45 

80 

6 

.02736 

5 

9 

.70668 

80 

46 

6 

.83184 

6 

9 

.62780 

15 

16 

6 

.63497 

5 

9 

.64666 

75 

16 

6 

.93826 

5 

9 

.46469 

46 

80 

7 

.24116 

6 

9 

.88189 

80 

46 

7 

.64371 

6 

9 

.29677 

16 

16 

7 

.84689 

5 

9 

.21084 

74 

16 

8 

.14769 

5 

9 

.12859 

45 

80 

8 

.44910 

5 

9 

.08502 

80 

46 

8 

.75014 

6 

8 

.94614 

15 

17 

9 

.06076 

5 

8 

.85896 

78 

16 

9 

.85099 

6 

8 

.76148 

45 

80 

9 

.65082 

6 

8 

.66762 

80 

46 

9 

.95028 

5 

8 

.57250 

15 

Bau. 

Aaou. 

82 
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uarata  boonomt. 


▲hglb. 

Bin. 

P— «««. 

D^ 

Min. 

W9€t, 

InclMt. 

L^ebaml^ 

F«^ 

Imehm. 

DadiMli. 

Si» 

mt. 

18 

10 

.24922 

6 

8 

.47607 

72 

16 

10 

.64779 

6 

8 

.87888 

45 

80 

10 

.84694 

6 

8 

.27981 

80 

46 

11 

.14864 

6 

8 

.17897 

15 

19 

11 

.44091 

6 

8 

.07784 

71 

16 

11 

.78772 

6 

.97441 

45 

80 

2 

0 

.08409 

5 

.87019 

SO 

46 

2 

0 

.88000 

5 

.76467 

15 

20 

2 

0 

.62646 

6 

.65787 

70 

16 

2 

0 

.92048 

5 

^* 

.64977 

45 

80 

2 

1 

.21498 

6 

w 

.44040 

80 

46 

2 

1 

.50895 

6 

.82978 

15 

21 

2 

1 

.80249 

6 

.21779 

69 

16 

2 

2 

.09554 

6 

.10457 

45 

80 

2 

2 

.88809 

5 

6 

.99007 

30 

46 

2 

2 

.68018 

5 

6 

.87428 

15 

22 

2 

2 

.97167 

5 

6 

.76724 

68 

16 

2 

8 

.26270 

6 

6 

.68892 

45 

80 

2 

8 

.55820 

6 

6 

.61988 

80 

46 

2 

8 

.84320 

6 

6 

.39847 

16 

28 

^ 

4 

.18264 

6 

6 

.27686 

67 

16 

2 

4 

.42166 

6 

6 

.15297 

46 

80 

2 

4 

.70998 

6 

6 

.02888 

80 

46 

2 

4 

.99776 

6 

5 

.90243 

16 

24 

2 

6 

.28508 

6 

5 

.77628 

66 

16 

2 

6 

.67176 

5 

5 

.64686 

46 

80 

2 

6 

.86791 

5 

5 

.61721 

80 

46 

2 

6 

.14860 

5 

5 

.88681 

16 

25 

2 

6 

.42862 

5 

5 

.26416 

66 

16 

2 

6 

.71296 

6 

5 

.12077 

46 

80 

2 

6 

.99680 

6 

.98614 

80 

46 

2 

7 

.28006 

6 

.85027 

15 

26 

2 

7 

.56272 

5 

.71817 

64 

15 

2 

7 

.84479 

6 

.67488 

46 

80 

2 

8 

.12622 

5 

.43628 

80 

46 

2 

8 

.40708 

5 

.29448 

15 

27 

2 

8 

.68782 

6 

.15247 

68 

16 

2 

8 

.96692 

6 

.00928 

46 

80 

2 

9 

.24590 

5 

8 

.86478 

80 

45 

2 

9 

.62424 

5 

8 

.71911 

16 

28 

2 

9 

.80196 

6 

3 

.67228 

62 

16 

2 

10 

.07902 

6 

3 

.42418 

46 

80 

2 

10 

.86548 

6 

3 

.27488 

80 

45 

2 

10 

.68120 

6 

8 

.12488 

15 

29 

2 

10 

.90680 

6 

2 

.97262 

61 

16 

2 

11 

.18078 

6 

2 

.81972 

46 

80 

2 

11 

.45450 

5 

2 

.66661 

80 

46 

2 

11 

.72759 

5 

2 

.61081 

15 

80 

8 

0 

.00000 

6 

2 

.86888 

60 

15 

8 

0 

.27178 

6 

2 

.19616 

45 

80 

8 

0 

.54276 

6 

2 

.08780 

30 

46 

8 

0 

.81810 

6 

.87726 

15 

81 

8 

1 

.08274 

6 

.71606 

59 

16 

8 

1 

.85168 

6 

.65866 

45 

80 

8 

1 

.61990 

6 

.89008 

80 

46 

8 

1 

.88740 

6 

.22686 

15 
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lift. 
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Dtg. 
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I 

• 

8 

2 

.16419 

« 

6 

1 

.05946 

68 

15 

8 

2 

.42024 

6 

0 

.89240 

46 

80 

8 

2 

.88567 

5 

0 

.72418 

80 

46 

8 

2 

.95016 

6 

0 

.65481 

16 

I 

8 

8 

.21401 

6 

0 

.88428 

67 

15 

8 

8 

.47711 

6 

0 

.21261 

46 

80 

8 

8 

.78946 

6 

0 

.08978 

80 

46 

8 

4 

.00106 

11 

.86581 

16 

8 

4 

.26189 

11 

.69071 

66 

15 

8 

4 

.62195 

11 

.51446 

46 

80 

8 

4 

.78126 

11 

.88709 

80 

46 

8 

6 

.08977 

11 

.16868 

16 

8 

6 

.29760 

10 

.97894 

66 

16 

8 

6 

.66446 

10 

.79819 

46 

80 

8 

5 

.81062 

io 

.61682 

80 

46 

8 

6 

.06598 

10 

.48888 

15 

8 

6 

.82064 

10 

J24922 

64 

15 

8 

6 

.67429 

10 

.06401 

45 

80 

8 

6 

.82724 

9 

.87770 

80 

46 

8 

7 

.07987 

9 

.69027 

15 

8 

7 

.88068 

9 

.60176 

68 

15 

8 

7 

.68117 

9 

^1214 

46 

80 

8 

7 

.88082 

9 

.12144 

80 

46 

8 

8 

.07966 

8 

.92965 

15 

8 

8 

.82768 

8 

.78678 

62 

16 

8 

8 

.57476 

8 

.64282 

46 

80 

8 

8 

.82106 

8 

.84779 

80 

46 

8 

9 

.06649 

8 

•16168 

16 

8 

9 

.81107 

7 

.95451 

61 

16 

8 

9 

.65478 

7 

.76627 

46 

80 

8 

9 

.79768 

7 

.65697 

80 

46 

8 

10 

.08961 

7 

.85661 

16 

8 

10 

.28071 

7 

.15520 

50 

15 

8 

10 

.52098 

6 

.95274 

46 

80 

8 

10 

.76026 

6 

.74928 

80 

46 

8 

10 

.99871 

6 

.64468 

16 

8 

11 

.28625 

6 

.88909 

49 

15 

8 

U 

.47290 

6 

.18246 

46 

.  80 

8 

IL 

.70864 

6 

.92481 

80 

46 

8 

11 

.94848 

5 

.71618 

15 

0 

.17740 

6 

.60648 

48 

15 

0 

.41041 

6 

.29670 

- 

46 

80 

0 

.64250 

6 

.08896 

80 

46 

0 

.87865 

4 

.87122 

16 

1 

.10888 

4 

.66747 

47 

15 

1 

.88318 

4 

.44271 

46 

80 

1 

.56158 

4 

.22696 

80 

46 

1 

.78894 

4 

.01021 

16 

2 

.01540 

8 

,79247 

46 

15 

2 

.24092 

8 

i57874 

46 

80 

2 

.46547 

8 

.85408 

80 

46 

2 
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8 
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16 

y 

4 

2 
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2 
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46 
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Feet 
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1 

0 

0 

1 

.2568 

0 

0 

.0106 

15 

0 

0 

1 

.5710 

0 

0 

.0171 

80 

0 

0 

1 

.8854 

0 

0 

.0247 

46 

0 

0 

2 
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'  0 

0 

.0835 

2 

0 

0 

2 

.5143 

0 

0 

.0482 

15 

0 

0 

2 

.8289 

0 

0 

.0554 

80 

0 

e 

8 

.1485 

0 

0 

.0684 

45 

0 

0 

8 

.4582 

0 

0 
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8 

0 

0 

8 
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0 

0 
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15 

0 

0 

4 
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^ 

0 

0 
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• 

80 

0 

0 

4 
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1 

0 

0 
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45 

0 

0 

4 
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0 

0 
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4 

0 

0 

5 
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0 

0 
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15 

0 

0 

5 
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^ 

0 

0 
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80 

0 

0 

5 
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0 

0 
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45 

0 

0 

5 
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0 

0 

.2484 

6 

0 

0 

6 
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0 

0 

.2786 

15 

0 

0 

6 
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0 

0 
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80 

0 

0 

6 
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0 

0 
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45 

0 

e 

7 

0 

0 
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6 

0 

0 

7 
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0 

0 
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15 

0 

0 

7 
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0 

0 

.4298 

80 

0 

0 

8 
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0 

0 
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45 

0 

0 

8 

.5212 

0 

0 
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7 

0 

0 

8 
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0 

0 
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15 

0 

0 

9 
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0 

0 
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80 

0 

0 

9 
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0 

0 
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45 

0 

0 

9 
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0 

0 
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8 

0 

0 

10 
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0 

0 
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16 

0 

0 

10 
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0 

0 
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80 

0 

0 

10 

.7604 

0 

0 
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45 

0 

0 

11 
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0 

0 
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9 

0 

0 

11 
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0 

0 
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15 

0 

0 

11 
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0 

0 
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80 

0 

0 
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0 
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45 

0 

0 
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0 
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10 

0 

0 
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0 
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15 

0 

1 
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0 
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80 

0 

1 
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0 
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45 

0 

1 
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0 
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11 

0 

1 
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0 
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15 

0 

2 
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0 
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80 

0 

2 
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0 
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45 

0 

2 
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0 
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12 

0 

8 
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0 
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15 

0 

8 
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0 
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80 

0 

8 
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0 
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45 

0 

4 
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0 
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18 

0 

4 
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0 
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0 
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0 
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80 

0 

5 
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0 

5 
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0 
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0 
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6 
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2 
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0 

6 
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0 

2 
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0 
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2 
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2 
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0 

2 
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0 
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0 
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0 
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0 
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0 
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0 
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I 
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80 

0 

2 
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0 

5 
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0 
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0 
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2 
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2 

5 
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0 

5 
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0 

2 

5 
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0 

5 
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30 

0 

2 

5 
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0 

5 
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45 

0 

2 

6 
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0 

6 
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1 

0 

2 

6 
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0 

6 
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15 

0 

2 

6 
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0 

6 

.8688 

80 

0 

2 

7 
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0 

6 
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46 

0 

2 

7 

.6807 

0 

6 
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1 

0 

2 

8 
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0 

6 
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15 

0 

2 

8 

.4886 

0 

6 
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80 

0 

2 

8 
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0 
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45 

0 

2 

9 

.1924 

0 
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5 

0 

2 

9 

.5741 

0 
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.16 

0 

2 

9 

.9574 

0 
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80 

0 

2 

10 

.8422 

0 
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45 

0 

2 

10 
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0 
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$ 

0 

2 

11 

.1167 

0 

8 

.1078 

15 

0 

2 

11 
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0 

8 

.2789 

80 

0 

2 

11 

.8979 

0 

8 

.4528 

45 

0 

8 

0 
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0 

8 

.6290 

r 

0 

3 

0 

.6858 

0 

8 

.8076 

15 

0 

8 

1 

.0824 

0 

8 

.9888 

80 

0 

8 

1 

.4808 

0 

9 

.1714 

45 

0 

8 

1 

.8810 

0 

9 

.8571 

1 

0 

8 

2 

.2831 

0 

9 

.6450 

15 

0 

8 

2 

.6870 

0 

9 

.7854 

80 

0 

8 

8 

.0928 

0 

9 
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45 

0 

8 

8 
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0 

10 
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• 
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29 

0 

8 

8 
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0 

10 

.8212 

15 

0 

8 

4 

.8219 

0 

10 

.6220 

80 

0 

8 

4 

.7856 

0 

10 

.7261 

45 

0 

8 

5 

.1514 

0 

10 

.9808 

80 

0 

8 

5 

.6692 

0 

11 

.1884 

15 

0 

8 

5 

.9892 

0 

11 

.8494 

80 

0 

8 

6 

.4112 

0 

11 

.6626 

45 

0 

8 

6 

.8855 

0 

11 

.7788 

81 

0 

8 

7 

.2620 

0 

11 

.9976 

15 

0 

8 

7 

.6907 

0 

.2192 

80 

0 

8 

8 

.1216 

0 

.4436 

45 

0 

8 

8 

.6550 

0 

.7008 

82 

0 

8 

8 

.9906 

0 

.9006 

15 

0 

8 

9 

.4286 

1 

.1888 

80 

0 

8 

9 

.8691 

1 

.8696 

45 

0 

8 

10 

.8119 

1 

.6084 

88 

0 

8 

10 

.7578 

•1 

1 

.8601 

15 

0 

8 

11 

.2058 

2 

.0949 

80 

0 

8 

11 

.6558 

2 

.8427 

45 

0 

0 

.1088 

2 

.6987 

84 

0 

0 

.6646 

2 

.8477 

15 

0 

0 

.9981 

8 

.1049 

80 

0 

1 

.4842 

8 

.8668 

45 

0 

1 

.9482 

8 

.6289 

86 

0 

2 

.4149 

8 

.8968 

15 

0 

2 

.8846 

4 

.1660 

80 

0 

8 

.8671 

\ 

4 

.4896 

45 

0 

8 

.8826 

4 

.7166 

86 

0 

4 

.8111 

4 

.99W 

. 

15 

0 

4 

.7914 

5 

.2808 

80 

0 

5 

.2772 

5 

.6819 

45 

0 

5 

.6650 

6 

.8691 

87 

0 

6 

.2669 

6 

.1688 

16 

0 

6 

.7601 

6 

.4620 

80 

0 

7 

.2475 

6 

.7640 

45 

0 

7 

.7488 

7 

.0697 

88 

0 

8 

.2526 

7 

.8698 

15 

0 

8 

.7602 

7 

.6881 

80 

0 

9 

.2884 

8 

.0000 

45 

0 

9 

.7861 

8 

.8214 

89 

0 

10 

.8044 

8 

.6467 

15 

0 

10 

.8265 

8 

.9761 

80 

0 

11 

.8522 

9 

.8096 

45 

0 

11 

.6818 

9 

.6478 

iO 

0 

5 

0 

.4152 

9 

.9898 

15 

0 

5 

0 

.9525 

10 

.0966 

80 

0 

5 

1 

.4988 

10 

.6868 

45 

0 

5 

2 

.0892 

11 

.0418 

41 

0 

5 

2 

•6886 

11 

.4009 

15 

0 

5 

8 

.1420 

11 

.7661 

80 

0 

5 

8 

.7002 

2 

0 

.1888 

45 

0 

5 

4 

.2624 

2 

0 

.6049 

42 

0 

5 

4 

.8291 

2 

0 

.8866 

15 

0 

5 

5 

.4002 

2 

1 

.2686 

80 

0 

5 

5 

.9758 

2 

1 

.6666 

45 

0 

5 

6 

.6706 

2 

2 

.0496 

48 

0 

5 

7 

.1411 

2 

2 

.4476 

15 

0 

5 

7 

.7808 

2 

2 

.8607 

80 

0 

5 

8 

.8254 

2 

8 

.2691 

45 

0 

5 

8 

.9250 

1 

2 

8 

.6727 
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rkth. 
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Dedmslf. 
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FMt. 

iDCbM. 
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44 

t 

0 

5 

9 

.5298 

2 

4 

.0918 

16 

0 

6 

10 

.1898 

2 

4 

.5168 

80 

0 

6 

10 

.7542 

2 

4 

.9468 

45 

0 

5 

11 

.8744 

2 

5 

.8820 

46 

0 

0 

.0000 

^ 

2 

5 

.8284 

16 

0 

0 

.6811 

2 

6 

.2706 

80 

0 

1 

.2677 

2 

6 

.7287 

46 

0 

1 

.9101 

2 

7 

.1828 

46 

0 

2 

.5852 

2 

7 

.6481 

15 

0 

8 

.2122 

2 

8 

.1195 

80 

1 

0 

8 

.8722 

2 

8 

.5978 

45 

1 

0 

4 

.5382 

2 

9 

.0814 

47 

0 

5 

.2105 

2 

9 

.5721 

16 

1 

0 

5 

.8892 

2 

10 

.0694 

80 

0 

6 

.5742 

2 

10 

.5785 

46 

0 

7 

.2658  ■ 

2 

11 

.0844 

48 

0 

7 

.9641 

2 

11 

•6028 

15 

0 

8 

.6692 

8 

0 

.1278 

80 

0 

9 

.8812 

8 

0 

.6596 

45 

0 

10 

.1003 

8 

1 

.1991 

49 

0 

10 

.8265 

8 

1 

.7462 

15 

0 

11 

.6601 

8 

2 

.8009 

80 

0 

.8012 

8 

2 

.8684 

46 

1 

.0498 

8 

8 

.4887 

60 

1 

.8062 

8 

4 

.0122 

15 

2 

.6609 

8 

4 

.5987 

80 

8 

.MO 

8 

6 

.1986 

45 

4 

.1286 

8 

6 

.7970 

61 

4 

.91<26 

8 

6 

.4091 

15 

6 

.7101 

8 

7 

.0800 

80 

0 

.6164 

8 

7 

.6599 

45 

7 

.8816 

8 

8 

.2990 

62 

8 

.1660 

8 

8 

.9474 

15 

8 

.Vovo 

8 

9 

.6058 

30 

9 

.8322 

8 

10 

.2729 

45 

10 

•OOxU 

8 

10 

.9505 

68 

11 

.6472 

8 

11 

.6381 

15 

2 

0 

.41«7 

4 

0 

.8800 

80 

2 

1 

.8024 

4 

1 

.0445 

45 

2 

2 

.1956 

4 

1 

.7686 

64 

2 

8 

.0996^ 

4 

2 

.4987 

15 

i 

4 

.0148 

'  4 

8 

.2850 

80 

2 

4 

.9408 

4 

8 

.9876 

45 

2 

6 

.8776 

4 

4 

.7520 

66 

2 

6 

.8267 

4 

6 

.5282 

15 

2 

7 

•7876 

4 

6 

.8165 

30 

2 

8 

.7606 

4 

7 

.1172 

45 

2 

9 

.7468 

4 

7 

.9806 

66 

1     2  1 

10 

.7444 

4 

8 

.7570 

15 

2 

'  11 

.7666 

4 

9 

.6966 

30 

8 

0 

.7801 

4 

10 

.4497 

45 

8 

1 

.8182 

4 

11 

.8165 

67 

8 

2 

.8708 

5 

0 

.1976 

15 

3 

8 

.9866 

5 

1 

.0982 

30 

3 

5 

.0174 

5 

2 

.0034 

45 

8 

6 

.1131 

5 

2 

.9287 

68 

3 

7 

.2241 

5 

8 

.8697 

15 

3 

8 

.3507 

5 

4 

.8265 

30 

3 

9 

.4933 

£ 

5 

6 

.7994 

45 

3 

10 

.6523 

i  1 

5 

6 
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THIRD  TABLE. 

BASE  RADIUS, 

ONE  FATHOM,  SIX  fXKT. 


Amu. 

HTTOTHmun. 

Pbepwdicttlar.   * 

DagrvM. 

¥%ih. 

Feet. 

Inches. 

Decimali. 

Fath. 

Feet 

Inehee. 

Decimals. 

1 

57 

1 

9 

.50554 

57 

1 

8 

.87726 

2 

28 

8 

11 

.06698 

28 

8 

9 

.81022 

8 

19 

0 

7 

.72726 

19 

0 

5 

.84186 

4 

14 

2 

0 

.16226 

14 

1 

9 

.64795 

5 

11 

2 

10 

.10784 

11 

2 

6 

.96874 

6 

9 

8 

4 

.80760 

9 

8 

1 

.08424 

7 

8 

1 

2 

.79665 

8 

0 

10 

.89294 

8 

7 

1 

1 

.84185 

7 

0 

8 

.80662 

9 

6 

2 

4 

.25668 

6 

1 

10 

.59011 

10 

6 

4 

6 

.68148 

5 

4 

0 

.88229 

11 

5 

1 

5 

.84070 

5 

0 

10 

.40789 

12 

4 

4 

10 

.80087 

4 

4 

2 

.78887 

18 

4 

2 

8 

.06968 

4 

1 

11 

.86626 

14 

4 

0 

9 

.61672 

4 

0 

0 

.77622 

16 

8 

5 

2 

.18664 

8 

4 

4 

.70766 

16 

8 

8 

9 

.21278 

8 

2 

11 

.09884 

17 

8 

2 

6 

.26186 

8 

1 

7 

.50189 

18 

8 

1 

4 

.99690 

8 

0 

5 

.59821 

19 

8 

0 

5 

.15185 

2 

5 

5 

.10818 

20 

2 

5 

6 

.51892 

2 

4 

5 

.81887 

21 

2 

4 

8 

.91082 

2 

8 

7 

.56641 

22 

2 

4 

0 

.20164 

2 

2 

10 

.20626 

28 

2 

8 

4 

.26994 

2 

2 

1 

.62187 

24 

2 

2 

9 

.01872 

2 

1 

5 

.71465 

25 

2 

2 

2 

.86651 

2 

0 

10 

.40450 

26 

2 

1 

8 

.24488 

2 

0 

8 

.62187 

27 

2 

1 

2 

.59868 

5 

9 

.80796 

28 

2 

0 

9 

.86892 

5 

8 

.41281 

29 

2 

0 

4 

.51190 

4 

9 

.89144 

80 

2 

0 

0 

.00000 

4 

4 

.70766 

81 

5 

7 

.79549 

8 

11 

.82812 

82 

5 

8 

.86975 

8 

7 

.22408 

88 

5 

0 

.19765 

8 

2 

.87028 

84 

4 

8. 

.75699 

2 

10 

.74489 

85 

4 

-6 

.52817 

2 

6 

.82666 

86 

4 

2 

.49871 

2 

8 

.09950 

87 

8 

11 

.68809 

1 

11 

.54722 

88 

8 

8 

.94738 

1 

8 

.16579 

89 

8  . 

6 

.40918 

1 

4 

.91260 

40 

8 

4 

.01211 

1 

1 

.80626 

41 

8 

1 

.74622 

0 

10 

.82652 

42 

2 

11 

.60281 

0 

7 

.96410 

48 

2 

9 

.57201 

0 

5 

.21055 

44 

2 

7 

.64807 

0 

2 

.55818 

45 

2 

5 

.82838 

0 

0 

.00000 

46 

2 

4 

.09178 

0 

5 

9 

.52959 

47 

2 

2 

.44768 

0 

5 

7 

.14108 

48 

2 

0 

.88555 

0 

5 

4 

.82909 

49 

1 

11 

.40094 

0 

5 

2 

.58864 

me 
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Amolb. 

HrroTHnxJu. 

PlBFimOS^B. 

Degrees. 

Fkth. 

Feet 

Incbee. 

Dedmalc 

nih. 

Feet 

iBdiee. 

Dectauh 

60 

9 

.98982 

0 

6 

0 

.41617 

51 

8 

.64669 

0 

10 

.80446 

62 

7 

.8tS981 

0 

8 

.26256 

63 

6 

.16877 

0 

6 

.25589 

64 

4 

.99689 

0 

4 

.81106 

65 

8 

.89677 

0 

2 

.41494 

66 

2 

.84768 

0 

0 

.6648! 

57 

1 

.85016 

0 

8 

10 

.76786 

68 

0 

.90084 

0 

8 

8 

.99060 

69 

0 

11 

.99760 

0 

8 

7 

.26196 

60 

0 

11 

.18844 

0 

8 

5 

.66922 

EXPLANATION  OP  THE  DIAGRAM. 

Tabu  I. 

In  this  scheme  the  hjpothenuse  is  made  radios:  consequently,  the  other 
sine  and  cosine  uf  the  included  angle. 

Corollary, — Suppose  one  end  of  the  line  A  6  to  remain  at  A  whilie  the  oilier  m 
is  moved  round  from  e  toy*.*  then  it  is  evident  that  the  base  C  B  will  condnue  taineni 
and  the  perpendicular  B  D  to  decrease,  until  the  vrhole  quadrant  ha*  been  strcptoff 

At  45°,  or  the  middle  of  the  quadrant,  the  base  and  perpendicular  are  e(|iia],i 
from  that  point  to  90°  the  base  vrill  increase  in  the  same  ratio  as  the  peiptodiei 
decreased  from  1°  to  45^:  hence  the  propriety  of  the  arrangement  of  tUr  ttbk 
counting  the  degrees  backward  from  45  to  90. 


Table  II. 

Here  the  perpendicular  is  made  radius:  therefore  the  hypothennse  A  C  will  be 
secant,  and  the  base  B  G  the  tangent,  of  the  angle  A.  On  this  principle  it  is  clear  t 
as  the  angle  increases  the  base  and  hypothenuse  will  continue  (thioughoat  the  wl 
quadrant)  to  increase  in  proportion. 

Table  III. 

In  this  diagram  the  base  is  made  radius:  therefore,  by  mathematical  demonstnti 
the  perpendicular  A  C  is  the  co-tangent,  and  the  hypothenuse  B  C  the  co-eeoant,  of 
angle  C ;  and  here  it  will  be  plain  that  as  the  angle  C  is  increased  the  hypothennn  i 
perpendicular  will  proportionably  be  diminished. 


EXPLANATION  AND  USE  OF  THE  TABLES. 

The  reader  will  observe  three  distinct  tables,  for  the  obvious  reason  of  making  e 
side  of  the  triangle  radius. 

In  each  case  the  radius,  or  given  side,  is  one  fathom,  or  six  feet»  being  the  most  c 
venient  and  familiar  proportion  that  could  have  been  introduced. 

The  principal  calculations  include  every  quarter,  or  fifteen  minutes  of  a  degree, ) 
extend  from  1  to  89  degrees,  being  sufficiently  extensive  and  minute  for  mining  pnrpt 
(the  angle  of  any  intermediate  division  not  beiAg  distinguished  or  required) ;  and  li 
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It  moA  be  obseired  that  the  diylsioDS  are  expressed  by  16,  ^  and  45  mihutes^  wldch 
niimbers  represent  i,  ),  and  f  of  a  degree. 

The  first  and  most  essential  table  is  that  wherein  the  hypoihenase,  or  longest  side,  is 
made  radias,  extending  nearly  throughout  the  quadrant,  and  eyery  calculation  wionghl 
out  to  five  decimal  places  of  an  inch,  hereby  giving  a  direct  answer,  in  exact  ratio  to 
aix  feet  of  the  giren  side,  to  the  ten-thousandth  part  of  an  inch. 

Perhaps  there  may  be  a  little  difficulty  at  first,  with  persons  unacquainted  with 
mathematical  order,  in  reading  the  first  tabic.  It  must  be  remarked  that  from  1*^  to 
45^,  or  the  middle  of  the  quadrant,  the  degrees  and  parts  are  aU  onihe  l^ft-hand  side 
descending,  the  base  stands  in  the  adjoining  columns,  and  the  perp«idicular  on  the 
lame  line  to  the  right;  but  beyond  that  point  the  degrees  will  be  jfbund  on  the  righi^ 
hand  tide  ascending^  and  then  it  must  be  specially  noted  that  the  perpendicular  and 
bese  will  have  changed  their  positions,  the  base  now  standing  on  ihe  righi-hand  and 
the  perpendicular  on  the  left-hand  side. 

In  the  second  table  the  perpendicular  is  given,  and  the  angles  extend  to  60°.  One 
valuable  mining  property  of  this  table  is  that  it  gives  at  sight  the  dip  in  six  feet-of 
every  angle  within  the  range  of  60°,  including  the  divisions:  so  that  if  it  is  required  to 
toow  the  dip  in  six  feet  on  any  degree,  or  quarter  of  a  degree,  between  1  and  60,  it 
will  be  immediately  discovered  by  an  inspection  of  the  base  in  the  column  ac^oining 
the  given  angle  in  tiiis  table. 

In  the  third  and  last  table  the  base  is  given,  and,  as  the  application  of  this  part  of 
■the  work  is  not  so  general  as  the  preceding,  the  angles  have  been  given  in  degrees  only: 
nerertheless  this  table  is  indispensable  on  some  occasions,  especially  in  levelling  or 
driving  adits.    It  will  be  found,  like  the  second  table,  to  extend  from  1  to  60  degrees. 

Haying  thus  briefly  stated  the  nature  of  the  tables  under  each  separate  head,  it  only 
remains  for  us,  after  a  few  general  observations,  to  recommend  the  learner  to  the  inspeo- 
tion  of  the  following  examples ;  for  we  believe  that  one  practical  operation  will  do  more 
towards  giving  him  a  clear  understanding  or  comprehension  of  the  subject  than  a 
Tolnme  written  expressly  thereon,  confined  to  mere  speculative  description. 

It  may  be  remarked  that  in  almost  every  instance  the  geometrical  construction  of 
the  figure  is  introduced  with  the  calculation,  which  will  tend  to  the  satisfaction  of  the 
practitioner  and  improvement  of  the  beginner. 

In  conclusion,  we  would  remark  that  the  same  attention  must  be  paid  in  taking  the 
angle  and  measuring  the  given  line,  when  these  tables  are  used,  as  if  the  operation 
were  performed  any  other  way. 

It  is  a  common  practice  in  mining  to  take  the  angle  of  dips  or  slopes  with  the  cover 
of  the  dial  and  a  plumb-line ;  and  ii^  short  drafts,  with  great  care,  this  method  may 
answer  well  enough ;  but  when  any  very  important  work  is  to  be  performed  we  would 
•trongly  recommend  the  application  of  a  more  perfect  instrument  for  ascertaining  the 
angle;  for  it  is  well  known  that  if  this  part  of  the  process  should  not  be  correct,  the 
result  of  the  whole  work  must  be  erroneous  as  a  matter  of  course;  and,  indeed,  it  is 
next  to  impossible  to  distinguish  the  minutias  of  an  angle  with  any  tolerable  degree  of 
certainty  by  the  foregoing  method.  The  theodolite  certainly  stands  unrivalled  for 
taking  both  horizontal  and  vertical  angles. 

It  is  not  our  design  to  enter  into  controversy  on  this  subject.  Those  who  imagine  tiie 
•extant  or  quadrant  graduated  on  the  cover  of  the  dial  well  calculated  for  the  purpose, 
let  them  continue  to  use  it ;  only  we  would  especially  note  that,  should  an  error  ensue, 
it  ought  by  all  means  to  be  attributed  to  the  real  cause,  and  to  that  only;  for,  as  in  all 
trigonometrical  questions,  the  angle  and  side  are  always  given  to  find  the  other  parts 
of  the  triangle:  consequently,  the  sum  of  the  one  and  length  of  the  other  are  presup- 
poaed  to  have  been  correctly  ascertained  previous  to  the  commencement  of  any  other 
operation* 
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Rnally,  for  the  learner's  sake,  we  observe  that,  as  the  tables  exhibit  only  the  relati?e 
proportions  to  the  radius  of  one  fathom,  or  six  feet,  and  are  wroaght  out  to  ^re  phieei 
of  decimals  to  an  inch,  it  becomes  necessary  that  every  one  who  would  use  this  work 
successfully  should  hare  some  knowledge  of  decimated  arithmetic,  because  he  will  havc^ 
in  most  cases,  to  multiply  for  the  whole  numbers  and  take  parts  for  the  fraction  of  the 
fathom.    For  example,  suppose  the  given  side  to  be  the  hypothenuse,  meamuiog  16 
fathoms,  3  feet,  and  6  inches:  he  will  then  have  to  take  out  the  nnmbera  oppoeiletlie 
given  angle  in  the  tables,  and  multiply  them  by  16,  for  the  base  and  perpendicnlar 
respectively,  then  divide  half  the  tabular  measure  for  the  3  feet,  odd  feet,  and  one«xth 
of  the  remainder  for  the  6  inches,  and  add  them  together  for  the  sum  of  the  reqoiral 
sides  of  the  triangle. 

It  has  been  observed  that  the  radius  in  every  case  is  6  feet,  or  1  fathom:  conseqaentlj, 
the  number  of  fathoms  in  the  given  side,  whether  that  side  be  hypothenose,  perpeo- 
dicular,  or  base,  will  be  the  multiplier  of  the  tabular  numbers ;  and  should  there  be  i 
fraction  in  the  multiplier,  the  multiplicand  must  bo  divided  by  that  fraction,  agreeaUj 
with  the  rule  of  practice. 

In  some  of  the  following  examples  the  product  has  been  obtained  in  fathoms  mi 
parts;  but  we  would  recommend  the  learner  to  carry  on  the  work  in  Jeet  (except  it 
cases  where  the  answer  is  required  in  fathoms),  as  he  will  find  it  more  simple  and  eipe 
ditiouB.  We  speak  of  the  muUiplicandy  or  number  multiplied.  The  muUiplier  mnit 
invariably  be  fathoms;  and  should  the  given  side  be  nominated  in  feet,  it  must  be di- 
Tided  by  6,  to  bring  it  into  fathoms,  before  the  operation  is  begun  by  the  foregoing  ttML 

It  may  be  further  noticed  that  when  any  of  the  given  sides  in  the  tables  amount  to 
6  feet,  they  are  expressed  in  fathoms,  &c. ;  but  whenever  it  may  be  required  to  prodsee 
the  answer  in  feet,  Ac,,  the  numbers  should  be  reduced  to  that  measure  before  ^eyan 
multiplied,  and  this  can  be  done  by  mere  inspection,  viz.  :* 

Fath.  Ft  In.  Ft.  In. 

Table  2d,  <62o /Base,   1     1     8.1560  |  f  Base,   7     8.1660 

^  I  Hyp.    1     3    9.6053  i  \  Hyp.    9     9.6058 


DEFINITION  OF  A  RIGHT-ANGLED  TRIANGLE. 

In  order  to  use  the  foregoing  tables  with  due  effect,  there  is  no  necessity  that  thi 
reader  should  understand  any  thing  of  the  science  of  trigonometry,  that  part  of  the 
work  having  been  accomplished :  so  that,  by  the  help  of  a  few  of  the  common  roles  of 
arithmetic,  he  may  obtain,  with  the  greatest  ease  and  certainty,  every  thing  required  to 
be  known  in  the  geometrical  part  of  mining. 

Previous  to  an  elucidation  of  the  simple  method  of  working  by  the  tables,  it  may  bi 
satisfactory  to  introduce  the  operation  by  a  few  preliminary  observations  and  extrteto 
on  the  nature  and  properties  of  right-angled  triangles. 

Plane  trigonometry  is  the  art  of  measuring  the  sides  and  angles  of  triangles  ^ 
scribed  on  a  plane  surface,  or  of  such  triangles  as  are  composed  of  straight  lines.  - 

The  theory  of  triangles  is  the  very  foundation  of  all  geometrical  knowledge;  fbriB 
straight-lined  figures  may  be  reduced  to  triangles.  The  angles  of  a  triangle  determine 
only  its  relative  species,  and  are  measured  in  degrees,  minutes,  and  seconds;  bat  tin 
sides  determine  its  absolute  magnitude,  and  may  be  expressed  in  fathoms,  yards,  feci 
or  any  other  lineal  measure. 

befora  otMerred,  thcM  tablei  are  from  "  Badge's  Practical  Mining  Guide,'*— a  Oomiah  vork,— la  «UA 
■re  used  generally.    To  convert  them  into  feet  here  wonld  only  oonAiae,  axul  not  add  to  the  riavBcaf 
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THEOREMS. 

^t-ftngled  triangle  (the  only  kind  generally  necessary  to  be  treated  of  for  mining 
•)  ifl  that  which  has  one  right  angle  in  it.  The  longest  side,  or  that  opposite  to 
it  angle,  is  called  the  hypothenuse ;  the  other  two  are  called  the  legs  or  sides,  or 
)  and  perpendicular:  or,  by  Euclid's  definition,  "In  a  right-angled  triangle,  the 
KMnte  to  the  right  angle  is  called  the  htpothknuse;  and  of  the  other  sides,  that 
[iioh  the  figure  is  supposed  to  stand  is  called  the  bass,  and  the  remaining  side 
mmicuLAR." 
iiree  angles  of  every  triangle  are  together  equal  to  two  right  angles,  or  180 

;reat6r  side  of  every  triangle  has  the  greater  angle  opposite  to  it 
iquares  of  two  sides  of  a  triangle  are  together  double  the  square  of  half  the 
id  of  the  square  of  a  straight  line  drawn  from  the  vertex  to  bisect  the  base, 
am  of  the  three  angles  of  every  plane  triangle  being  equal  to  half  a  circle,  or 
rees,  it  therefore  follows  that  if  either  acute  angle,  in  such  triangle,  be  taken 
^  the  remainder  will  be  the  other  acute  angle,  or  the  complement 
mpplement  of  any  angle  is  what  that  angle  wants  of  180**:  hence  the  supple- 
any  one  angle  is  always  equal  to  the  sum  of  the  other  two. 
r  other  properties  of  right-angled  triangles  may  be  worthy  of  notice,  vis. :  when 
le  opposite  the  base  is  30^,  the  hypothenuse  is  exactly  doable  the  length  of  the 

I  the  angles  are  45^  the  base  and  perpendicular  are  equal. 

I  the  angle  opposite  the  base  is  60°,  the  hypothenuse  is  double  the  length  of  the 

Icolar. 


Application, 

low  how  a  knowledge  of  the  foregoing  theorems  may  be  rendered  oseful  in 
practices,  suppose  in  the  triangle  ABC,  figure  153,  the  base  B  A  represented  a 
cross-cut,  and  the  side  A  C  a  seam,  making  an  angle  with  the  base  of  66°  30^: 
antly,  the  angle  A  must  be  23°  30^,  because  it  requires  that  number  of  degrees 
itute  a  right  angle,  the  complement  of  the  angle  A,  or  180°,  the  supplement  of 
igle  ABC. 

I,  suppose  the  angle  C  of  the  slope  C  A,  figure  154,  were  found  to  be  39°'S0^: 
r  opposite  angle  A  must  contain  50°  30^. 

>w  approach  towards  the  actual  use  of  the  tables,  and  have  succeeded,  we  hope, 
ng  all  impediments  out  of  the  learner's  way,  so  that  he  will  find  no  difficulty  in 
applying  the  numbers  to  dialling  operations.  We  have  previously  set  a  few 
0  of  the  mere  act  of  taking  out  the  primes,  and  have  studiously  endeavored  to 
very  thing  as  perspicuous  and  comprehensible  as  the  nature  of  the  work  vrould 
admit.  But  should  any  one  have  gone  thus  far  and  still  find  an  obscurity  hang 
I,  so  that  he  cannot  penetrate  into  the  nature  of  the  subject  as  he  would  vrish 
may  have  expected,  yet  let  him  not  be  discouraged:  this  will  always  be  the  case 
iry  one  who  calculates  on  fully  comprehending  any  thing  connected  with  the 
tkUca  by  definition  or  description  only.  Let  him  steadily,  attentively,  and  per- 
ly  proceed  with  the  examples,  and,  if  he  is  properly  interested  in  the  matter, 
K)on  find  the  subject  open  with  perspicuity  and  demonstration  on  his  mind,  and 
o  him  the  incontrovertible  assurance  of  the  truth  of  the  calculations,  as  well  as 
wtness  of  his  own  views,  ideas,  or  conceptions  of  the  salijeot 
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TaBLB  I. — ^EZAMPLI. 

When  the  angle  is  9^  and  the  hypothenose  1  fathom,  what  ia  the  length  of  the  ot^ 
two  sides  of  the  triangle  respectiydiy? 

Atu.  Base,  11.26328in.,  Perp.  5ft.  11.11356m. 

EXAMPLI. 

When  the  angle  is  48^  15^  or  48^  degrees*,  and  the  hypothennse  1  fathmn,  what  an 
the  lengths  of  the  other  sides?  Ana.  Base,  4ft  5.71Gldin.,  Perp.  3ft.  11.9434ffin. 

Table  II. — ^Example. 

When  the  angle  is  35^  45^,  or  35}  degrees,  and  the  perpendicnlar  1  fathom^  what  is 
^e  length  of  the  hypothenose  and  base  respectively? 

Jns.  Base,  4ft.  3.8326in.,  Hyp.  Ifath.  1ft.  4.716Sin. 

Example. 

Giyen  the  angle  59°  3(Ky  perpendioolar  1  fathom;  the  other  sides  are  required. 

Am.  Base,  Ifath.  4ft.  2.2317in.,  Hyp.  Ifath.  5ft.  9.861^n. 

Table  III.— Exaxplb. 

Given  the  angle  5^  hue  1  fathom ;  the  hypothenose  and  perpendicular  are  required. 

Am.  Hyp.  llfath.  2ft.  10.10734in.,  Perp.  llfath.  2ft  6.9637^ 

Example. 

Given  the  angle  Z(P,  base  1  fathom;  the  other  sides  are  required. 

Ans.  Hyp.  2fath.  Oft.  Oin.,  Perp.  Ifath.  4ft.  4.70766in. 

NoTBw— The  foregoing  ex*mplee  seire  only  to  exemplify  the  manner  of  taking  oat  the  primes  from  the  tabid ; 
and,  M  the  given  dde  ii  exactly  one  fathom,  of  coorae  the  tablei  give  a  direct  answer.  In  the  following  examplii 
the  mode  of  ticking  out  the  ti^balar  numbers  is  precisely  as  the  foregoing,  htU  the  number  qf/athomu  amtttimd  ii 
tkekHgthqf  the  givm  title  vMU  the  midtiptiarqf  ike  <dh€rtidaqft^ 


PLANE  TBIGONOMETRT.  BT  THE  TABLES. 

Case  L — Wbxs  the  Htpothenusb  is  given. 

Rule. — Look  in  the  first  table,  and  against  the  given  angle  stands  the  base  and  pc^ 
pendicular,  answering  to  one  fathom  of  the  hypothenuse ;  take  out  these  numbers,  and 
multiply  them  respectively  by  the  length  of  the  hypothenuse. 

Example. 

Given  the  angle  23^  3(K,  and  hypothenuse  12  fathoms;  the  base  and  perpendicular 
are  required. 

OperaUon, 
Bate,                                                      PerpencUctdar. 
Feet    2  .  4.70993  Feet    5  .6.02833 
12  12 

28  .  8.61916  66  .  0.33996 

■-■I ■■ . _l.l  ,1  IT-  1  !■■■     MTM-M -~ 

*  In  this  example,  as  the  angle  exceeds  4SP,  it  will  be  fbond  standing  on  the  right-hand  lide  of  the  ptft  (•• 
already  explained),  and  the  denomination  of  the  required  sides  will  be  found  at  the  bottom.  A  litUe  attentioa  Is 
this  order  wlU  prerent  the  mistake,  which  may  otherwise  take  place,  by  an  intenion  of  tiM  I»m  and 
dicolar. 


msz  suHVJiYiBa. 


Pbocus. 
Dr»w  the  line  A  B  of  any  length ;  make  the  angle  C  =  23* 
Wby  %  wale  of  chords,  or  with  &  protractor;  draw  the  hy- 
pMhenuH  A  C  =  72  feet  from  a  scale  of  equal  parte  Fr  m 
C  let  fall  the  perpeodicular  C  B ;  then  A  B  C  is  the  triangle 
nqaired.  A  B,  meanured  bj  the  same  Hcalo  of  equal  parte, 
will  be  28  feet  8}  inches,  and  B  C  will  be  66  feet 

Cam  II,— Whm  thi  Perpendicular  ib  amx. 

RuLB. — Look  in  the  aecond  table,  and  oppomte  the  giTen 

Ugle  will  be  found  the  base  and  hjpotbenuse  corresponding 

to  one  fathom  of  the  perpendicular;  multiply  these  nnmben 

■eparately  bj  the  length  of  the  perpendicular. 


EZ  AMPLE. 

OiTcn  the  angle  39°  3(X,  and  perpendicular  9  bthome  3  Ait;  tha 
base  are  required. 

Operation. 


3li|      0        4 


11.3522 


3111 


n 


Hjp. 

11 
0 

la 

s 

8 

1 

11.7W 
lOMtf 
10.MU 

Draw  the  line  A  B  uf  a  sufficient  length;  at  any 
point  B  erect  the  perpendicular  B  C,  which  make 
equal  to  57  feet  by  a  scale  of  equal  parts.  At  C 
make  the  anf;le  =  39°  30',  the  complement  of  A. 
From  C  draw  the  hypothenuse,  and  it  will  cat  the 
haae  A  B  in  the  point  A ;  then  will  A  B  measore 
47  feet,  and  A  C  73  feet  10  inches. 

Case  III.— Whem  the  Base  is  oiten. 
Rule. — Look  in  the  third  table,  and  opposite  the 
giTen  angle  (as  in  the  farmer  cases)  the  corre- 
■ponding  numbers  to  one  fathom  of  base  will  be 
•pen,  which,  being  multiplied  by  the  given  length  of  the 
tbenuse  and  perpendicular. 


prodnoes  the  hypo- 


id  br  baltoi  Ubriag  tb«  mamr  m 
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Given  the  ingle  20  degreee,  and  btwe  28  feet  9  inches;  the  hjpotboiDse  and  p 
dienlai  tie  required. 


i 

IT 

6.51392» 
4 

i 

TO 
8 
S 

a 

2.0S568 
9.25696 
11.08565 
2.31424 

16 

5.81837* 
4 

65 
8 
2 
2 

11.27348 
2.90918 
8.969T2 
0.72729 

Perp.    78      11.87967 


i^  Ouutmetiim. 

Paocua. 

Draw  the  beM  A  B,  which  make  =  28  feet  9  ineb 

from  a  sc&le  of  equal  parti;  at  B  erect  the  perpendien 

B  C,  make  the  aogle  A  =  70°,  and  draw  the  b7pod»<n 

cut  the  perpendioiilar  B  C  in  the  pannt  C;  d 

'  feet^  and  B  C  78  feet  11)  indua 


wiUAC 


APPUCAnOK  OF  THB  TABLES  TO  DIAGONAL  SHAFTS  AND  SLOPES. 

RUIARES. 

Ab  in  the  fbrqp>ing  oaiei  each  side  of  the  triangle  ie  dirtinctl  j  made  radini,  it  I 
lows  that  every  problem  in  oblique  lurrejing,  to.  can  be  solved  by  one  or  the  other 
these  eases  j  beoanse  in  eveij  instance  a  side  and  the  angles  are  always  given. 


What  £U  lijfpo3umue  it  giem,  work  by  eate  tkeJirtL 
Wheit  tht  perpendiadar  U  giMH,  vork  by  rate  the  nemd. 
What  tie  ba*e  it  gwat,  vork  by  com  the  third. 


It  hnnOmiBM  *il]  bfSniidlfci 


BXAXPLl  1. 

A  di«g<m  J  shaft  or  ilope  A  B  wm  fonnd  to  meamire  84  feet,*  ud  the  ugle  of  douU- 
DMioa  obaerred  to  be  48  degree* ;  required  the  bue  B  0,  and  perpendicular  A  C,  or  the 
depth  of  a  shaft  from  the  top  of  the  alope,  and  »  tunnel  from  abaft  to  elope. 


31 

2.64901 
2 

Base  62 

5.09002 

4 

o.in«) 

7 

28 

O4180 
2 

Perp.58 

2.48360 

A  perpendicular  shaft  B  C,  measuring  57  feet,  waa  found  to  intersect  an  underljing 
or  dipiong  seam  A  C,  whose  angle  of  aooliritj  was  ofaserred  to  be  50°  3(K ;  required 
the  length  of  the  nnderlaj  or  slope  A  0  on  the  eeam  A  C,  and  the  distanoe  from  the 
perpendicular  at  the  sur&ce  A  B. 


Bt  Cm  n. 


Comp.  I 


44 
2 

6.1698 
5.6761 

AB46 

11.8459 

H„.|.i    '" 

9.^)96 
9 

69 
3 

11.7864 
10.6548 

AC  73 

10.4412 

Non^lB  Iha  than  n 


pllw  ta  »(,  or  ■>  k<lKimi  B  J 


•  Whan  (he  ((Ten  lis*  !• 
r  fHtlBatklhoB):  thu, 
r,  BBltlpI]*!  I17  T  ud  1, 


<o  feat,  It  maM  b«  brnDghl  lain  hrhami  >>/  Urldtiic  It  Iit  *  (tbi  nnmbfr 
<  (unplf,  a»  tbtn  bains  81  hat  ii  U  btbaw,  wd  thanftn  Um  niiDlwi 
Bkl  tolL 
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EZAMFLI  3. 


A  boiiMtital  cnM»«Dt  or  tainnel  B  C  from  the  fiiot  of  %  alopo  B  A  to  «  peqHndi 
■bkft  C  A  vu  found  tu  mcWDre  224  feel  S  incbee,  and  Um  uigle  of  uwliTitj  (tib 
B,  the  foot  of  the  shaft)  40  degrees;  I  require  the  reepectiT*  lengUie  of  Uh  hTpinb 
A  B  and  perpendicular  A  C. 


Br  Cua  m. 

ft. 

In. 

ft. 

la. 

<40"  1 

i 

7 

9.»8932» 

i 

s 

0.41517 

Coiap. 

12 

12 

50° 

93     11.87184 
3 

60 

4.98204 
3 

281 

11.61552 

161 

2.94612 

7 

9.9fi932 

5 

0.41517 

2 

7.3:977 

1 

8.13889 

0 

10.44325 

0 

6.71279 

A 

B 

293 

3.37780                       A 

C 

1W 

6.21247 

EXAMPLI    4.  , 

Wheit  a  team  ia§  changed  iU  underlai/  or  dip. 
Bulb. — Take  out  tbe  numbers  oppoaite  the  giTSD  augleB,  and  mA  them  ll 
former  oaees ;  then  add  thwi  aoms  together  respeotiTel;  for  the  answer. 

PSOBLBM. 

In  Burrejing  a  shaft  mink  on  a  seam,  it  y/ae  found  that  the  first  draft  B  D  M* 
71  feet,  on  an  angle  of  14°  45',  but  from  that  depth  to  the  foot  (J  the  shaft  C  Ibi 


•  11  Hill  b>  otonred  U»l  thli  nnDbor  Muidi 
bMD  Ukcn  It  th*  foot  of  rbr  ihttt.  ih>  camplss 
tea  lb*  ibBn  lalmliT  anmlnn  irlll  La  Anuid  is 
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to  be  40°  IS',  and  the  length  D  C  54  feet ;  required  the  distance  from  the  top  of 
pe  B,  where  a  perpendicular  Bbafl  ought  to  be  sunk,  in  order  to  come  dova 
•t  the  foot  of  the  uuderUy  or  elope;  alu  the  depth  of  the  perpendioular  A  C. 

OraRATION. 

Bate.  Perptndieular. 


<  14'  45'|  1 1 1 1 


6.33134 


H^i 


5    9.6273 


Suimnarp  of  Ba*e». 


Suwtmar]/  iff  J^rptHdieulara. 


18    1  10.49T7ft 


A  B  52  feet  It  ii 


AC  lOOfBfilOii 


SI  6  MisiSG  Ecosomr. 

PERPENDICULAB  SHAFTS  ASD  LEVELS. 
Ri'LE.— When  the  an^s  vt  MMlivitr  is  pven,  take  the  oomplemeDt  (or  what  it  n 
of  W)  fiir  tho  gpentif  e  ugU;  in  ew*Tj  other  putieuUr,  work  by  the  foimer  att. 
Tia.  leO. 


EXAMPLI  1. 

A  pi'rprndiculnr  Kheft  hkring  been  nink  from  the  top  of  a  hiO  at  A,  from  «hpnr<?  tit 
fiu'c  of  tiie  hill  to  V  meMnred  330  feet,  it  is  reqnired  to  know  the  length  an  H'lit  uiut 
tie  ilrivrn  fniiu  the  tioee  of  the  hill  at  C  to  inter»eot  the  eban  at  B.  and  whnt  will  \t  tLt 
depth  of  the  ehafl  at  tliat  iDtereeotion,  the  angle  of  «oelivitj  at  C  beinf;  41  defftti. 

Br  Cui  U. 

P-rpendiailar.  Bane. 


Comp.  of  I 
41'  Lb  «"  i 


11.2 


6^3909 


35 

5.12625 
6 

40 

9.05181 

212 
3 

fi.75750 
1I.S3Q2S 

244 
4 

«.310W< 

216 

6.99375 

249 

"«3 

An  ndit  having  been  driven  4-^0  fret  fmm  A  to  D,  reqcired  to  know  hoiw  hr  Dp  A* 
bill  from  A  I  ought  to  meaanre,  in  order  that  a  perpendicular  maj  bo  mnk  to  iattmcl 
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Oa  iditfttB,  S48  fset  from  tiieuilat  A;  aiao  ttie  depHi  of  the  alutft  C  B,  the  ugle 
of  uclirity  from  A  towards  C  being  33  degrees.  Or  thus: — Q'nta  th«  bftM  348  fe«t; 
tugla  of  secllvitj  33°,  of  which  the  oomplement  or  angle  of  declirity  ia  57° ;  required 
the  hjpothenuse  and  perpendicular. 


Br  Casi  IIL 

Comp.<33°ia57'>=    7 

In. 

1.85016 

8 

Perpendicular. 

3        10.75735 
8 

57 

2.80128 
7 

31 

2.05880 
7 

400 
U 

7.00896 
3.70032 

218 

7 

2.4H60 
9.51470 

AC  414 

11.30928 

CB 

225 

11.02630 

HORIZONTAL  DIALLING. 

RcL>. — Observe  which  eide  of  the  triangle  is  ^ven,  and  work  bj  the  specified  case. 
When  there  is  more  than  one  draft  in  the  operation,  add  the  sums  of  the  respeotire 
ties  together  for  the  answer. 


Being  required  to  put  down  a  sfaafl  at  B,  618  feet  due  east  of  a  slope  at  A,  I  am  pre- 
mted  from  measuring  in  a  direct  line  by  interrening  hills  and  wood;  I  therefore  find 
irdar  to  avoid  these  obstrootions,  to  go  on  an  angle  of  27°  south  of  east 


mm  the  nhaft  A.  What  distance  mast  I  proceed  in  this  direction  before  I  come  at 
Ight  angles  with  B,  or  due  south  of  the  eastern  eitremit;  of  the  given  line,  and  how 
H  Blast  I  thra  measure  in  a  northerly  direction  to  come  eiactlj  on  the  required  epoti 
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Or  the  quatlinn  may  stAnd  thn*: — Gifen  tlie  perpeudicalkr  618  fe«t,  Nigle  27°;  lb 
bjpothennK  uid  base  4re  required. 


/Multiplier\ 
V  103  fatb.  } 


8.5800 
2.0574 


« 

8.8075 
10 

67 

4.0750 
10 

673 
20 

4.7500 

663 

7.1425 

PETERSBUBQ  MINT. 

Wp  have  been  kindly  furnished  hj  Qoneral  Pleasanta  with  the  neeeasarj  d»ti  t' 
{<ri-KKUt  our  renders  with  eeverftl  intereflting  illustr&tiona  of  the  celebrkted  P?tpt>kr; 
Mine,  and  ihe  triangulutiun  by  which  the  diatancD  tuid  direction  ir«re  obtained  to  rnrb 
ll,e  rebel  fi.rt. 

It  will  Iw  noticed  by  diugrainii  Noa.  1  and  2  tbttt  the  fort  blown  up  was  conMilnl 
bi'hind  the  front  line  of  rebel  ri9e-pit«  or  breastwork)),  and  from  a  troat  view  no  cridnNe 

Fra.  108. 


4 


of  a  fort  appeared,  aa  the  embrMores  were  ooncealed.    Bnt  a  diotant  ead-vinr  mUi 
General  Plea«aata  to  locate  it,  and  snbeeqnent  demonttratioa  proroked  the  rebeb  M 

The  Rketch  of  the  front  or  month  of  the  mine  reprcRente  a  little  hollow  below  ul 
niitHide  our  breastworks,  which  are  represented  aboTo  ciirered  with  eand-baga.  Betifna 
the  month  of  the  mine  and  the  breastworks,  or  rifle-pitn,  is  nhown  the  aiikshaft  for  (bi 
ventilation  of  the  mine. 

The  timbers  are  represented  in  the  sketch  as  they  were  need  in  the  mine. — foraiig 
a  frame;  they  were  eut,  notched,  and  fitted  at  a  distani'e,  and  when  taken  into  the  niu 
wero  put  into  their  place,  aod  secured  by  thin  wooden  weilgeii.  vritliout  crealial  t 
nnise.     As  at  the  building  of  Solomon's   temple,  "the  sound  of  a  hammer  wai  i°t 

Four  pieces  were  used, — that  is,  the  cap  or  "collar,"  the  two  "legs,"  sod  the  "M^ 
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aSL'*    TImm  fruDM  were  placed  abont  three  feet  apart,  and  irben  tlie  <Aa!j  or  material 
driTea  throogh  vas  aoft  and  jielding,  boards  or  "  laggina"  were  placed  behind  the  timbera. 

nia  excavated  material — earth,  claj,  to. — was  taken  to  the  larface  in  craeke^'boie^ 
■■  TepT«Benl«d  in  the  eketch.  * 

Figure  104  repreeente  the  relative  position  of  die  Union  and  rebel  works,  the  dliM- 
tiaa  and  fbnn  or  the  mine,  and  its  lateral  galleries,  in  which  the  powder  was  Wd. 
THu  month  of  the  mine  is  represented  by  1,  the  air-shaft  by  6,  the  left  chamber,  or 
lateral,  bj  2,  and  the  right  chamber  b;  3.  The  rebels  sunk  a  counteT^nine  at  4;  bat 
Graeral  PleaBanti  verj  ingenioiulj  "  surrounded  them"  bj  describing  nearlj  a  halt 
tireln  in  the  right  chamber. 

Fio.  164. 


This  figore  also  represents  the  triangulation  by  which  the  diatuioe  and  oonrse  were 
obtained  to  the  rebel  fbrt,  as  explained  below. 

Rgare  165  represents  a  section  or  end-view  of  the  Dnion  and  rebel  works,  and  a 
longitudinal  view  of  the  mine.    The  month  is  in  a  hollow  behind  the  Union  rifle-pits 


Fio.  16fi. 


m  breastworks  Q  H,  ander  which  the  mine  ie  driven.  It  dien  crossee  &e  intermediate 
^woe  between  the  lines,  passing  the  rebel  rifle-pits  F  E,  and  ending  under  the  fort  DC. 
It  ia  nearlj  horizontal  for  over  one-third  of  the  distance,  but  an  incline  rises  near  the 
middle  to  avoid  a  longb,  hard  claj,  and  runs  to  a  point  near  the  rebel  rifle-pita  F  E,  and 
from  thence  it  was  driven  level.  This  elevation  brought  the  interior  of  the  mine  only 
a  ahort  distance  below  the  ditch  of  the  fbrt, — perhaps  less  than  10  feet. 

The  air-shaft  is  repreeented  by  C,  and  the  rebel  eounter-ehaft  by  4.  Abatis  are 
•reeted  before  the  Union  and  rebel  works. 

Explanaluyn. 

The  rebel  rifle-pits  or  breastworks  are  represented  in  figure  164  by  E  P;  C  D  is  the 
rebel  fort;  OH  are  the  Union  rifle-pits  or  breastworks;  K'Sthebat^imeof  theiriangn- 
taiion,  and  1  2  3  the  main  and  lateral  galleries  of  the  mine. 

The  base-line  was  accurately  measured,  and  the  angles  B  A  C  and  BAD  were  mea- 
mred  by  the  vernier  of  a  theodolite  placed  over  the  point  A,  and  the  angles  ABC 
and  A  B  D  were  obtained  in  the  same  manner  from  the  point  B. 
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Snbtrftoting  the  mm  of  the  angles  C  A  B  uid  A  B  C  from  I60°giTas  tbeuigjkACB. 
In  the  triangle  A  B  C  we  have,  therefore,  the  aide  A  B,  ud  the  anglea.  to  find  the  length 
of  the  Hide  A  C,  which  waa  found  b j  trigonometr;  thus : — Aa  aine  of  A  C  B  :  dm 
ABC::  fc>garitbm  of  A  C,  or  the  diBtance  to  the  fort. 

Id  like  maDoer,  with  the  same  base-liae,  two  obeervatione  were  made  from  the  pdnti 
A  and  B  to  the  point  D  on  the  rebel  fort,  and  the  diatonce  B  D  calculated  b;  the  mm 
formula. 

By  knowing  the  two  diataDcea  A  C  and  B  D  to  the  fort,  the  ootUM  of  its  parapet  ¥u 
obtained  by  plotting  it  on  paper,  which  waa  necessary  in  order  to  know  what  conrM 
were  to  be  given  to  the  lateral  galleries  in  which  the  powder  was  placed. 

As  tho  eniraoco  to  the  mine  woa  aome  distance  back  of  the  base-line  A  B,  ihil  d» 
tauco  waa  ascertained  and  added  to  that  from  the  boae-Iine  to  the  &>rt. 

The  maia  gallery  was  not  driren  perfectly  atrai|^t,  and  a  mrreyof  it  waa  Ibiuid 
ueceMory.  The  diflbreat  changes  of  oourae  were  noted,  and  the  whole  diatauce  plontd 
on  a  plan  which  General  feasants  made  of  the  entire  work. 

Someideamaybehad  of  the  difficulties  and  dangers  attending  the  triaa^lation,  vba 
it  ia  known  that  the  aim  of  the  enemy's  riflemen  waa  so  aeonrata  that  no  one  cciuld  ktqi 
hiahaod  raised  over  the  breastworks  two  minutes  without  haTing  a  bnllet  pnt  throngbn. 

The  points  aeleoted  on  the  fort  to  which  the  tiiangulationa  were  mado  were  Inmparf 
reddish  clay,  thare  being  no  stafi  or  other  well-marked  olgact  upon  which  the  ot«^ 
vationa  could  be  made ;  while  the  theodolite  was  covered  with  a  piece  of  soiled  dotli,  m 
as  not  to  attract  att«ution,  and  the  aighta  token  through  h<des  iil  our  front  bresatimrkfc 
Beaidea  these  diffioulUes,  the  galleries  of  the  mine  were  too  small  or  low  to  admit  d  it 
use  of  the  instrument  with  its  tripod,  and  it  waa  found  necoaaaty  to  take  the  bead  (fit 
off  aod  place  it  on  a  cracker-biix,  which  was  levelled  slowly  and  with  great  lately 
placing  pieces  of  clay  beneath  it. 

For  further  iDformation,  see  testimony  and  report  of  Colonel  (now  Oener»l)  riflMi^ 
pages  125  to  132  of  tho  Roport  of  tho  Committoe  on  the  Conduct  of  the  War  in  ngv' 
to  the  attack  at  the  Petersburg  Mine. 


YERTICAL  DIALLING,  OR  THE  MESSDEATION  OP  HEIGHTS. 

Rou. — Obserre  the  given  ude  and  angle,  and  work  by  the  nspwtin  MM*  i 
tofore. 

Fio.  lee. 
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EXAMPLX. 


From  tha  bottom  of  a  precipice  at  B,  I  measured  200  feet  in  a  direct  line  B  A  on  a 
oritontal  plane ;  I  then  took  the  angle  A  42° :  required  the  height  of  the  orag  andf 
pee  B  C« 

OpertUwn. 

ft.    in. 


Complement  of  <;  A  ) 
42°i8<C48<»        I 

i 

5 

4.82909 
11 

59 

5.11999 
3 

3.35997 
9.60969 

(  Multiplier  \ 
V53fath.2ft./ 

178 
1 

Ans.  B  G  180    0.96966 
In  optratioM  of  thia  nature  the  hypothenuse  need  not  be  regarded. 

HOBIZONTAL  OR  TRAVERSE   DIALLINa. 

Plane  suling  in  nayigation,  and  horizontal  dialling  in  mining,  are  nothing  more  than 
lA  practice  of  right-angled  trigonometry,  calling  the  hypothenuse  the  distance,  the 
erpendicnlar  the  difference  of  latitude,  the  base  the  departure,  and  the  angle  opposite 
lA  base  the  course :  consequently,  any  range  of  dialling,  however  complicated  and  ez- 
Minve,  may  be  reduced  into  a  single  triangle,  the  perpendicular  of  which  will  either 
•  tiie  east  and  west  or  north  and  south  line,  according  to  the  main  direction  or  bear- 
ig  of  the  work ;  the  hypothenuse  will  be  the  actual  length  of  the  dialling  in  a  right  line 
Mm  the  point  of  setting  out  to  the  termination ;  the  base  will  be  the  distance  the  termi- 
ttking  point  will  fall  right  or  left  t)f  the  perpendicular ;  and  the  angle  made  by  the 
jpothenuse  with  the  perpendicular  will  be  the  final  course  or  direction  of  the  work. 

It  therefore  follows  that  the  general  practice  of  repeating  or  retracing  a  course 
f  underground  dialling  on  the  surface  may  be  avoided,  and  thereby  the  difficulties  and 
angers  arising  from  obstructions,  irregular  ground,  and  the  attraction  of  the  magnet 
J  iron,  which  always  abounds  in  the  vicinity  of  a  mine,  be  done  away. 

What  is  said  of  Mercator's  sailing  may,  in  the  chief  respect,  be  applied  to  horizontal 
ialling,  viz.:  "  It  is  the  art  of  finding  on  a  plane  surface  the  motion  of  a  ship  upon 
nj  assigned  course  by  the  compass,  which  shall  be  true  in  latitude,  longitude,  and  dia- 
uioe  sailed." 

The  first  thing  lo  be  attended  to  is  the  statement  of  the  work,  or  so  placing  the  drafts 
bat  there  may  be  no  confusion  in  the  operation,  and  that  the  perpendiculars  and  bases 
lay  fall  on  their  proper  sides. 

In  order  to  succeed  in  tliis  essential  matter,  which  may  be  considered  the  foundation 
r  the  work,  note  on  which  cardinal  point  the  main  direction  of  your  dialling  runs, 
hether  east,  west,  north,  or  south,  and  reckon  off  your  degrees  right  or  left  from  that 
ne :  thus,  if  your  dialling  runs  easterly  or  westerly,  let  the  equator,  or  east  and  west 
ne,  be  the  point  for  numbering  off  your  angles, — if  northerly  or  southerly,  the  meri- 
lan,  or  north  and  south  line :  consequently,  this  line  will  be  the  perpendicular  of  every 
iangle  in  the  operation  that  comes  within  the  sweep  of  half  the  circle,  or  180^ ;  and 
ioald«any  of  the  drafts  return  beyond  the  north  or  south  points,  or  exceed  90^  right 
r  left  of  the  east  point,  then  the  angle  must  be  counted  from  the  west  towards  the 
orth  or  south,  as  the  draft  may  happen  to  incline. 

This  being  done,  it  is  evident  that  on  a  course  of  east  and  west  dialling  the  bases 
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Borth  and  bases  sonth  must  be  subtracted  one  from  the  other,  and  the  remainder  will 
be  the  departure  or  base-line,  north  or  south  as  the  dialling  may  baTe  prevailed  on  this 
or  that  side;  and  if  any  of  the  drafts  have  gone  westerly,  then  the  perpendieolars  west 
•must  be  subtracted  from  the  perpendiculars  east,  for  the  real  length  of  the  peqxn- 
dicular;  but  if  the  dialling  has  prevailed  most  in  a  westerly  direction,  the  perpen- 
dicular will  lie  on  that  side :  in  short,  as  a  matter  of  course,  either  for  the  difference  of 
latitude,  or  rather  difference  of  longitude  in  this  case  (the  perpendicular),  or  for  the 
departure  (the  base),  the  less  number  must  be  taken  from  the  greater,  and  the  diffo^ 
ences  will  show  the  sides  on  which  the  operation  lies. 

This  process  must  all  be  performed  by  the  first  table,  where  the  hypothenuse  is  giro, 
because  in  every  case  the  actual  measured  line  will  be  the  longest  side  of  the  triangle; 
and  after  stating  the  work,  as  before  directed,  take  out  the  numbers  standing  sgaiost 
the  given  angles  in  the  table,  and  multiply  them  respectively  by  the  length  of  the  hypo- 
thenuse, reduced  into  fathoms  and  parts  (if  any),  and  place  them  in  their  proper 
positions  until  the  whole  has  been  calculated ;  then  take  the  sum  of  the  bases  nonh 
and  south  one  from  the  other,  and  the  sum  of  the  perpendiculars  cast  and  west  one  frum 
the  other ;  the  perpendicular  remainders  will  show  the  east  and  west  line,  and  the  btsea 
the  distance  the  dialling  has  extended  north  or  south  of  that  line. 

The  work  is  now  brought  to  that  case  where  the  difference  of  latitude  and  departan 
is  given  to  find  the  course  and  distance,  and  in  order  to  avuid  the  necessity  of  intro- 
ducing extensive  and  intricate  tables,  used  by  navigators  for  this  purpose,  we  ehtll 
have  recourse  to  one  simple  act  of  instrumental  operation,  and,  as  two  sides  of  the 
triangle  are  given,  the  thing  may  be  quickly  and  safely  performed :  thus,  draw  the  biM 
the  given  length  by  a  scale  of  equal  parts,  raise  the  perpendicular  on  one  end  of  tbi 
base  (and  of  course  at  right  angles  therewith),  and  mark  off  the  given  length,  draw  tin 
hypothenuse,  and  the  triangle  will  be  complete ;  then,  by  the  same  scale,  measure  tin 
hypothenuse,  and  it  will  be  the  actual  length  of  the  dialling  in  a  right  line,  torn 
beginning  to  end ;  then,  with  a  protractor  or  scale  of  chords,  measure  the  angle  oppo- 
site the  departure  or  base,  and  it  will  be  the  tane  course,  bearing,  or  direction  of  the 
extreme  points. 

The  degrees  on  the  miner's  compass  are  generally  graduated  from  1  to  360,  and  si« 
figured  towards  the  left  hand:  consequently,  90®  stands  at  the  west  point,  180*  at  south, 
270°  at  the  east,  and  ends  with  360°  at  the  north ;  and  when  the  same  course  is  to  be 
pursued, — that  is,  when  the  angles  are  to  be  taken  and  the  drafts  measured  again,— 
there  will  bo  no  necessity  for  finding  the  real  direction  of  the  line ;  for,  as  the  sights  si« 
always  fixed,  the  dialler  need  only  be  careful  to  observe  that  the  needle  stands  at  the 
same  degree  as  in  the  original  course :  but,  when  the  operation  is  to  be  plotted  or 
trigonometrically  proved,  there  will  be  a  necessity  for  ascertaining  the  actual  bearing 
of  every  draft  in  the  work;  and  this  may  be  done  by  the  following  rule: — 

RULE. 
[Sights  fixed  NoHh  and  South,) 

From      1  to    90  N.  to  W.\  o  S  |  i  /E.  of  N.  Complement  N.  of  E. 
lit  ^From    90  to  180  W.  to  S.  f  :§  2  •s  I  ]S.  of  E.  Complement  E.  of  S. 


^  I  ^  jFrom  180  to  270  S.  to  E.   I  |  •  g  ►•  jW.  of  S.  Complement  S.  of  W. 
I  **      (From  270  to  300  E.  to  N.  )  g  |  §  I  \N.  of  W.  Complement  W.  of  N. 
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APPLICATION  OF  THE  CONVERTING  TABUL 

{See  page  495.) 

Suppose  the  needle  stood  at  246}®:  what  is  the  bearing? 

Atu.  By  a  right-hand  dial,  23}<»  S.  of  E.    By  a  left-hand  dial,  23^  S.  of  W. 

It  may  be  remarked  that  the  table  is  equally  applicable  for  changing  bearings  into 
angles  if  required.  For  example : — ^An  observation  was  made  with  a  right-hand  dial, 
and  the  bearing  found  to  be  27®  17^  E.  of  N. :  at  what  degree  did  the  needle  point  ? 

Ans.  332®  43^ ;  and  if  proof  b  required,  it  will  be  seen  that  the  sum  of  these  degrees 
and  minutes  b  360®. 

EXAMPUB. 

Convert  the  following  angles  taken  with  a  left-hand  dial  into  bearings : — 
2101®,  176i®,         305}®,         28}®,         107J®,         97}®. 

Operation.  Proop. 

2101®  b  301®  W.  of  S.  210i®  —  301®  =  180® 

176}  3}  E.  of  S.  176}  -f   3}  =  180 

305}  35}   N.  of  W.  305}  —  35}  =  270 

28}  28}  E.  of  N.  28}  —  28}  =     0 

107J  17 J  S.  of  E.  107J  —  17J  =  90 

97}  7}  S.  of  E.  97}  —  7}  =   90 

348  12    W.  of  N.  348   -f  12  =360 

EXAXPLI. 

OoDTert  the  following  angles  taken  with  a  right-hand  dial  into  bearings:-^ 
9®45^        239®  25^        331®  12^         160®  58^         45®  6^ 

Operation.  Proop. 

9®45Ms   9®45^W.of  N.  9®  45^—  9®  45^=     0® 

239  25   30  35  S.  of  E.  239  25  +  30  35  =  270 

331  12   28  48  E.  of  N.  331  12  -f  28  48  =  360 

160  58   19  2  W.  of  S.  160  58  +  19  2  =  180 

45  6   44  54  W.  of  N.  44  54  +  45  6  =  90 

N.  B. — In  practice,  it  would  not  be  necessary  or  oonrenient  to  ttate  proofs :  it  is  introduced  here 
for  the  learner's  sake,  that  he  may  be  enabled  to  insure  certainty  in  this  essential  matter. 

In  pressing  on  our  young  mining  friends  the  advantage  of  adopting  a  perfect  system, 
wc  advise  that  in  preparing  a  course  of  dialling  for  trigonometrical  solution,  by 
changing  the  angles  into  bearings,  care  should  be  taken  that  all  the  drafts  should  be 
made  either  to  exceed  45®,  or  that  they  should  all  stand  below,  or  at  least  not  exceed, 
that  half  quadrant.  Our  reason  for  being  urgent  on  this  matter  is,  that  there  may  be 
a  uniformity  in  placing  the  sides  in  the  traverse  table  after  the  draft  has  been  com- 
puted. And  let  it  be  particularly  noticed  that,  if  the  bearings  are  not  suffered  to  exceed, 
45®,  that  the  Icut  expression  of  the  bearing  will  signify  the  longer  of  the  two  sides. 
That  is,  suppose  a  draft  taken  under  ground  was  287 P,  measuring  45  feet  8  inches;  now, 
looking  at  the  "converting  table,"  we  see  that,  if  this  draft  was  taken  with  a  *' left-hand 
dial,"  the  bearing  is  17J®  north  of  west  (or  N.  of  W.),  and  the  two  sides  will  be  found 
by  computation  to  be  13  feet  7  inches,  and  43  feet  7  inches.  Query,  into  what  columns 
respectively  must  these  nombers  be  placed?    As  the  bearing  was  north  of  west,  and 
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oar  system  states  that  '*  the  last  expression  of  the  bearing  will  signify  the  longer  oftlie 
two  sides;"  consequently  the  longer  side  (43  feet  7  inches)  moat  be  placed  in  the  **waC* 
column,  and  13  feet  7  inches  in  the  north  column. 

If  this  order  is  followed  up,  it  will  render  the  working  of  traTeraes  (which  it  ti» 
most  important  operation  in  mine  surveying)  a  plain,  pleasing,  and  satisfactory  exe^ 
cise.  In  this  edition  we  would  needs  bring  forward  every  thing  likely  to  promote  the 
advancement  of  the  young  mining  officer  in  this  paramount  branch  of  his  profeflskn, 
and  therefore  give  him  to  understand  that,  in  traversing,  there  most  be  a  regular  coone 
from  beginning  to  end. 

We  shall  make  ourselves  understood  in  this  matter,  by  taking  a  case  where  a  person 
makes  a  survey  for  the  purpose  of  ascertaining  the  length  and  bearing  of  a  level  drirea 
on  an  east  and  west  lode ;  and,  for  some  convenient  purpose,  he  begins  his  surveyiDf;  il 
some  point  about  the  middle  of  the  level,  and  surveys  from  thence  to  the  eastern  end; 
he  then  returns  to  the  station  or  atart  at  the  middle  of  the  level,  and  continues  on  to 
the  western  end,  and  thus  completes  the  survey. 

Now,  if  he  were  to  proceed  to  work  the  traverse  from  his  note-book  in  this  state, 
his  results  would  appear  as  if  his  level  were  almost  without  length  or  bearings,  u  kii 
eastings  would  be  balanced  by  his  westings,  &c. 

In  order  to  go  systemaiicaUy  to  work  in  this  case,  his  first  operation  must  be  to  ratm 
the  order  of  one  or  the  other  of  the  surveys;  that  is,  if  he  pleases  to  let  the  fixsk 
remain,  which  is  the  eastern,  and  would  accommodate  the  western  part  to  snit  the 
other,  he  must  alter  or  reverse  all  the  drafts,  by  converting  (say)  16®  south  of  west  into 
16®  north  of  east,  and  so  of  all  the  rest 

In  winding  up  this  course  of  instruction,  we  will  take  a  short  surrey,  and  go  throog^ 
with  it  at  length,  and  the  student  may  accompany  us  if  he  pleases;  for  we  are  still ef 
the  opinion  that  practical  teaching  is  the  best. 

EXAMFLI. 

It  is  required  to  sink  a  vertical  shaft  on  the  end  of  a  level  or  gangway,  and  tiie  mt 
veys  from  the  bottom  of  an  old  shaft  are  as  follows : — 

Surveyed  with  a  **Bight^Hand"  Compass, 

fkth.  ft.   in. 

No.  1.        356^**  Length 18    3    0 

2.  84J  "      12    1    6 

3.  98  "      15    4    0 

4.  A  slope  322°  (dip  25}*')  Inclined  length 11    2    0 

6.        107^  Length 25    5    6 

This  is  the  under-ground  work,  and  our  first  operation  is  to  find  out  the  dip  of  the 
slope,  in  order  that  it  may  stand  as  a  common  draft  in  the  survey. 

Opercttion, 

The  underlay,  or  angle  made  by  the  dip  of  the  slope  and  a  vertical  line,  being  2S} 
degrees,  we  find  it  standing  in  the  first  table  against  2  feet  7  inches,  showing  that  ererj 
fathom  of  the  slope  gives  a  base  of  2  feet  7  inches ;  and  the  length  of  the  slope  being 
11  fathoms  2  feet,  we  multiply 


ft 

in. 

i) 

2 

7 
11.2 

4 

4 

5 
10 

4    5    3 
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Here  we  find  the  base  of  the  slope  to  be  4  fathoms,  5  feet,  3  inches. 
The  next  thing  is  to  refer  to  the  conyerting  table  to  redaoe  the  drafts  into  bearings, 
taking  special  notice  that  the  work  was  done  with  a  right-hand  oompass. 

We  therefore  find  that  No.  1,  356P  is   SP  E.  of  N. 

2,  84i  is   5i  N.of  E. 

3,  98    is    8     S.ofW. 
Slope,  4,  322    is  28     E.ofN. 

5,  107}  is  17}  S.  of  E. 

Oar  work  is  now  prepared  for  entry  in  the  traverse  table  as  data  for  trigonometrioal 
computation. 


No. 

Airous  kvj>  LiiriB. 

TUOOXOmTRICAL  BK8ULT8. 

Draft 

Bearings. 

Lengtha. 

last. 

Wart. 

North. 

Sooth. 

1 
2 
8 
4 
5 

8}o  E.  of  N. 

6}  N.  of  E. 

8  8.  of  W. 
28  E.  of  N. 
17}  8.  of  E. 

fktta.  n.  In. 
18    8    0 
12    1    6 
16   4   0 
4   5   8 
26   5   6 

The  above  is  the  table  with  the  bearings  and  lengths  of  the  drafts  entered  in  order 
for  receiving  the  trigonometrical  results  in  their  proper  and  respectiTe  columns ;  and,  * 
that  erery  thing  may  be  clear  to  the  learner,  we  shall  let  this  table  remain  as  it  is,  and 
make  a  similar  one,  in  which  the  computations  are  entered,  and  proceed  to  take  out  the 
tabular  numbers  from  the  first  mathematioal  table,  and  multiply  them  by  their  respect- 
ive lengths.  * 


First  Draft. 


<  3}^  Tabular  0  4.7 
6 

2  2.2 
3 


ft.  in. 

Tabukr  6  11.85 
6 

35  11.10 
3 


6  6.6 
2.3 

6  8.9  Easting. 


107    9.30 
2  11.92 


110    9.2  Northing. 


Now  the  sides  of  the  triangle  formed  by  the  first  draft  are  ready  to  be  transferred  to 
the  east  and  north  columns  of  the  traverse  table. 


SicoND  Drajt. 


#L     In 

<  5}*>  Tabular  0    6.9 

12} 

6  10.8 
1.7 


ft.  in. 
Tabular  5  11.67 

12} 

71    7.92 
1  11.42 


7    0.5  Northing. 


73    7.3  Sasdng. 
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'     .dM»3>M  ^Tcrge  much  from  the  cmrdinal  poiot,  then  it  ta  Mr 
_  M  awcfh  of  >he  hyputhenuiie  and  the  longest  of  the  l^  Hiiih 
.  ^   .       -.    ,.  Jtt  £>tn  two  drafle. 

Third  Dbapt. 

ft.  Id.  ft.  Ik. 

^^'TftbolvO  10.02  Tftbukr5  11.3 

8  8 

6    8.16  47    6.4 

2  _      2 

13    4.32  95    0.8 

3.31  1  11.8 

13    1.6  Southing.  93     LOWextiDg. 

Tha  lesgtb  of  the  AitSt  being  15  fathoms  4  feet,  we  bsTe  mnltiplied  b;  U. 
deducted  i  as  the  ebortest  method. 


FoL'BTU  Draft,  or  Basb  or  Slopr. 

In.         tD.  turn.         la. 

'i.S  or  31.6  Tabular  5  3.6  n  63jft 

_5  5 

160.0  .118.0 

4.2  7-9 

12)164.8  12)3 10.1 

13.8.8  Euting.  2SJ0. 


i 

intoUl 


Id  Uw  above,  it  will  be  seen  that  we  have  thrown  th«  tabalftr  length  into  A 
[MLrte  1  and  tht  practitioner  will  find  this,  in  general,  the  eaaiest  wmj  of  ealnilalb 

Firra  Dairr. 

ft.   In.  tL  ft.tB.  te. 

<  17r  Tabular  1  10.0  or  22.0  TabaUr  5  8.6  or  68.6 

^  26 

132  4li.6 

44  1372 

572.0  1783.6 

1.8  57 

12]^njJ_  12)1777.9 

47.6.2  Southing.  148.1.9  £ 

Now  the  oomputationa  are  ready  for  outr;  in  the  following  tablo. 


••■ 

^«U« 

SrafL 

»„^ 

^ 

W«t. 

North. 

■nth. 

M'  B.  of  N. 
6l    N.ofE 
B      S.  of  W. 

18   8    6 
12    1    6 
16  4   0 

6  8.9 
78  7.8 

fl.    1.. 

110  9.2 
7  0.6 

18  1.0 

47  6.2 

98  i.6 

18  6.8 
148  1.9 

26.10.1 

242  2.9 
88  1.0 

98  1.0 

148  7.8 
60  7.2 

60  7.2 

149  1.6  Euting.            88  0.6  Northing.    | 

'ow  we  mi^t  proceed  to  U;  down  the  poridon  or  plaoe  of  onr  newTOrtical  shafl  at  the 
kM  without  ftnj  further  operntion.  Fur  by  measuriDg  off  from  the  oeutre  of  the 
■haft  at  mirface  149  feet  2  inches,  due  eut,  asd  from  the  end  of  that  line  measuring 
M  due  north,  would  bring  ua  exaotlj  over  the  end  of  the  fiflh  ot  lut  draft,  wber* 
•haft  ii  to  come  down,  but  we  would  work  out  the  direot  kngtii  ukI  bearing  alio, 
itfan  dMoribed,  and  apply  it. 


EZAHPLS. 

1  b  required  to  Bink  a  perpendicular  shaft  on  the  end  of  a  level  or  gangway  whoM 
lea  and  drafts  mCMured  at  follows,  rii.: 


A.     In. 


.   ft.   In. 


.  1.  <16''30'  E.of  8.53 

2.  <26<'   tK  W.  of  8.  22  11  or  8  4  11 

3.  <  l(r   (y   E.  of  S.  58    0  or  9  4    0      ' 

4.  <34"30'W.  of  8.  21    6  or  3  3    S 

5.  cST-SCyW.  of  S.53    8  or  8  5    8 

6.  <39"3(K  E.of  a29  10or4  5  10 

fhat  ditUnce  is  the  end  C  in  figure  1G7,  where  the  aurreying  wai  finiifaed,  frooi  the 
It  A,  where  the  surrejing  was  begun,  and  what  is  the  bearing  of  the  line  A  C,  or 
'  many  degrees  are  contained  in  the  angle  BAG? 

Operatiott. 
Bom. 

ft.  In.                ftib.  ft  la.        R.   H. 

B.  of  S.  Wi  =  1    8.44910  X  &  5  ft  =  16    2.33790 

W.  of  S.  26''   <=  2    7.56272X3  4  11=5  10    0.53916 

E.  of  S.ie«   d  11.44091X9  4  0=18  10.58804 

W.  of  S.  34'>i  =  3    4.78125X3  3  6  =  12    2.13235 

W.of  S.57''f=.5    0.72418X8  5  8  =  46    3.18762 

E.  of  S.  39°1  °>  3    9.79763X4  6  10=18  IIJK^U 


828  unmxa  boohoict. 

ft    te. 
Sum  of  bases  W.  of  a  67    6.85013 
Sam  of  bases  E.  of  a  53    0.48469 

Base  or  departure  Westerly  B  C  =  14    5.37444 

JPgrpendieulart* 

ft>   In.  fiUlk  ft*  In.      ft*     in. 

<16»i  =  5    9.03502X8  5    6  =  51  3.56228 

<26*»  =5    4.71317X3  4  11  =  20  7.16851 

<19*'  =5    8:07734X9  4    0  =  54  10.06606     * 

<34»J  =  4  11.33709X3  3    6=17  8.62417 

<57*»J  =  3    2.68557X8  5    8  =  28  10.05018 

<39*>J  =  4    7.55697X4  5  10  =  23  0.04485 

Perpendicular  or  difference  of  latitude,  A  B  196    3.51605 

Thenbif,  Ocmstrueium, 

Draw  two  lines  at  right  angles,  as  A  B  and  B  C,  and  of  indefinite  length;  tdn 
196  feet  3}  inches  in  your  compasses  from  a  scale  of  eqoal  parts,  and,  with  one  foot  ia 
the  right  angle  B,  point  off  the  distanoe  B  A  for  the  perpendicular.  Again,  take  14  fcH 
6iiiiflhesftomtheM«ieMale»a&daiiiayittovtheotiierliaeBOforll^  *nriki 

hgrpothenoM  to  Join  A  Ct  ti^ldi  by  the  ntae  Male  wm  be  iwBd  to 

Jm  197  IMi  OB  M  Mijb  of  4<»  U''^  Wirt  of  MWlli. 


A  tmnel  b  eommepeed  al  the  foot  of  a  hill,  and  b  intonded  to  be  eanled  tiiiiM^lL 
the  bearing  ftoin  the  month  al  A,  or  the  ooorse  of  tiie  tonnel»  b  requind,  sad  te 
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point  on  the  opposite  side  at  A,  where  we  may  commence  to  driye  towarde  A.    The 
height  of  the  hill  and  the  length  of  the  tunnel  are  also  required. 
The  following  is  the  surrey  from  the  first  point: — 

n. 
No.  1.  Eleyation 14^*  Length 25 

2.  "       12t  "      26 

3.  ««       11  "      17 

4.  "       18J  "      90 

5.  "       10  ««      60 

6.  «       7i  " 119 

7.  Horiiontal 0  "      29 

8.  Depression... 5f  **      .«••••••••    28 

9.  "        16  « ^ 230 
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ng  tliat  we  have  now  arriyed  somewhere  near  the  level  or  horisontel  plane  of 
%,  or  that  our  "depreesions"  have  made  good  our  "eleyations/'  we  place  an 
I  mark  at  the  end  of  the  hist  or  ninth  draft,  and  retire  to  work  oat  our  lines  and 
tj  trigonometry. 


Ofbbatiov. 

■ 

Bate. 

ft 

In. 

ft 

la. 

Ko.1. 

Elevation  W, 

Length  4£ath.  2ft.,  Tabolars  1 

5.4 

5 

9.9 

4i 

23 

^ 

5 

9.6 

8.6 

5.8 

1 

11.3 

m 

6_ 

3.4 

25 

2.9 

we  find  the  Ist  draft  gives  a  rise  or  elevation  of  6  feet  3.4  inches,  and  base  or 
al  length,  25  feet  2.9  inches;  and  proceeding  in  the  same  manner  with  all  the 
ind  finding  the  difference  between  the  elevations  and  depressions,  we  shall 
ame  data  for  correcting  onr  assumed  mark,  and  replacing  it  in  its  proper 


EUvation, 

EdrigarUal, 

ft 

in. 

ft 

in. 

No. 

.1 

j^ves 

6 

3.4 

and 

25 

2.9 

«< 

2 

« 

5 

6.2 

ti 

25 

4.9 

«« 

3 

« 

3 

2.9 

tt 

16 

8.3 

i* 

4 

u 

28 

6.0 

tt 

85 

4.0 

tt 

5 

tt 

10 

5.0 

tt 

59 

0.1 

« 

6 

<l 

14 
68 

8.5 
8.0 

tt 

118 

1.0 

u 

7 

tt 

tt 

29 

0.0 

Depression, 

M 

8 

ti 

2 

8.2 

tt 

27 

10.5 

U 

9 

tt 

63 

3.8 

tt 

220 

3.0 

66 

0.0 

606 

10.7 

as  the  depressions  are  2  feet  8  inches  less  than  the  elevations,  it  demonstrates 
assumed  mark  is  2  feet  8  inches  too  high,  and  as  the  declination  of  the  ground 

last  draft  eastward  continues  on  the  same  angle  of  depression  of  16  degrees,  we 
*pendicular  2  feet  8  ioches  and  angle  16^  to  find  the  corresponding  hypothenuse 
);  and,  by  inspection  of  the  second  table,  we  see  that  the  "tabulars"  opposite 
L  foot  8.6  inches,  and  6  feet  2.9  inches  hypothenuse. 

fore,  if  1  foot  8.6  inches  gives  6  feet  2.9  inches,  what  will  2  feet  8  inches  give? 
I  will  be  found  to  give  9  feet  8  inches  of  hypothenuse. 
)y  the  first  table  it  will  be  found  that  9  feet  8  inches  of  hypothenuse,  on  an 

16^  will  give  for  the  longest  side,  or  base,  9  feet  4  inches. 

84 


630 
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ADJUSTMENT. 

By  remoring  the  assnmed  mark  9  feet  8  inches  dae  east  <m  the  slope,  we  fix  on  ^ 
exact  spot  for  oommencing  the  eastern  end  of  the  tunnel,  and  we  need  hardlj  dbNrre 
that  the  two  extreme  marks  mean  the  bottom  or  floor  of  the  tunnel. 

Then  by  adding  the  base,  9  feet  4  inches,  made  by  the  corrections,  to  the  ram  of  the 
horizontals,  606  feet  10.7  inches,  we  have  just  616  feet  3  inches  for  die  length  of  tbe 
tunnel. 

Non. — Should  it  be  required  to  put  down  TWtlcal  ■hafta  on  tbe  tunnel,  tbe  foregoing-compntMioBi  rerwl  wtet 
their  depths  would  be  reepeetiTely  at  all  parts  of  the  tunnel ;  and  tbe  deepeat  abaft  would  be  11  fatboisa,  2  fat, 
8  inches  at  tbe  end  of  the  6th  draft,  and  66  (ktboms  fiom  tbe  western  moutb  of  the  tonneL 
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CHAPTER   XXVI, 

GENERAL   DISTRIBUTION  OP  IRON  ORES. 

The  Ores  of  Ironr— Facts  and  Theories — Cornish  Lodes— Hansfeld  Copper  Beds — Southern  States — Lake  Superior 
Copper— -Oassan — **  Iron  Ilat" — Sedimentary  Deposits  and  Beds — ^True  Veins,  Fissures — Sublimation — Stratified 
Beds — Ores  of  the  Granite  or  Plutonic  Rocks — The  Great  Azoic  Belt — Geological  Horixon  irregular — Iron  Ores 
of  the  Azoic  Belt — In  North  Carolina — In  Virginia — In  Maryland — In  PennsylTanisi — In  New  Jersey — In  New 
York — ^The  Sterling  Hountainit— New  England  States — In  Canada— Ores  of  Lake  Superior — Iron  Mountains  of 
Missouri— Scandinavia. 

THE  ORES  OF  IRON. 

In  the  present  brief  notice  of  the  distribution  of  the  ores  of  iron,  we  propose  to  confine 
onrseWes  to  the  United  States,  while  our  description  will  be  more  general  than  special, 
except  in  localities  where  the  proximity  of  coal  and  iron,  or  their  availability,  makes 
them  specially  interesting  and  prominent. 

An  exhaustive  discussion  of  this  subject,  illustrating  the  distribution  of  iron,  the 
form  and  locality  of  its  occurrence,  and  the  diversity  of  the  deposits,  would  demand  a 
larger  volume  than  the  work  before  us;  while  the  facts  that  might  be  gathered  in  rela- 
tion to  the  origin,  formation,  and  character  of  these  ores,  from  the  developments  made 
during  the  last  two  hundred  years,  would  fill  many  such  volumes,  and  be  of  much  value 
to  science.  But  we  have  neither  time  nor  space  at  command  to  give  even  a  con- 
densed outline  of  the  evidences  in  demonstration  of  the  natural  processes  to  which  the 
ores  of  iron  owe  their  existence.  Such  a  work,  however,  is  much  needed ;  and  some 
thoroughly  practical  man,  who  has  made  himself  a  cosmopolitan  on  this  subject,  might 
benefit  the  world,  and  confer  on  himself  honor  and  distincticm,  by  giving  the  desired 
information. 

We  believe  the  facts  existing — ^if  collected,  condensed,  and  compared — ^would  throw 
much  light  on  the  subject  of  our  mineral  deposits,  and  be  instructive  to  the  miner  and 
the  geologist ;  and  that  the  natural  processes  might  be  traced  with  almost  mechanical 
accuracy,  and  the  phenomena  of  vein  and  seam  and  bed  be  demonstrated  with  mathe- 
matical certainty. 

FACTS  AND  THEORIES. 

The  many  theories  of  the  formation  of  the  metallic  ores  now  existing  tend  to  confuse 
the  mind  of  the  student,  and  it  is  a  difficult  matter  to  select  the  most  probable,  since 
those  theories  are  generally  supported  by  arguments  that  are  convincing  to  those  who 
are  familiar  only  with  the  localities  to  which  they  apply.  But,  as  most  of  the  existing 
theories  in  relation  to  the  formation  of  metallic' veins,  seams,  and  beds  are  the  result 
of  local  experience  and  study,  they  do  not  apply  generally.  For  instance,  one  theory 
makes  all  metallic  and  mineral  veins,  seams,  and  beds  the  result  of  sedimentary  deposits 
in  water ;  another  considers  them  to  be  the  direct  result  of  volcanic  eruptions ;  a  third 
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adyocates  the  theory  of  sublimation ;  a  fourth  refers  the  result  to  electricitjt  aod  otlien 
to  segregation,  attraction,  gravitation,  Sx.  &c.  Now,  to  any  one  familiar  with  tht 
numerous  forms  and  the  varied  manner  in  which  the  metallic  ores  exist,  it  wiU  ^pear 
evident  that  none  of  the  theories  advanced  will  cover  the  ground  or  aocoant  for  all  tht 
coincidents,  but  that  all  are  required  as  a  general  application. 

The  Cornish  copper  lodes  of  Great  Britain  are  true  or  fissure  veins,  and  evidentlj 
connect  with  the  interior  of  the  earth,  and  have  their  origin  direct  from  a  Platonic 
source.  They  were  filled  by  sublimation,  and  condensed  by  the  effects  of  water  and 
steam.  Those  of  Mansfeld,  in  Prussia,  are  stratified  in  the  Permian,  and,  though  tin 
indirect  results  of  volcanic  agencies,  are  deposits  or  sediments  from  water.  The  vaiii^ 
or  beds  of  the  Southern  States  are  the  results  of  sublimation,  segregation,  and  sediment, 
«incc  they  exist  as  sulphurets  in  connection  with  copper,  lead,  gold,  and  sulphur  in  tms 
veins,  in  masses  or  seams  mixed  with  native  copper,  and  in  beds  lying  in  the  Aioie 
slates  and  the  lower  Palaeozoic  slates  and  sandstones.  The  copper  masses  of  Lake 
Superior  may  belong  to  later  formations  than  those  named,  but  they  owe  their  origiii 
more  directly  to  volcanic  agencies. 

The  ores  of  iron  result  in  much  the  same  manner,  but  perhaps  less  from  sublimatioi 
thi^  from  other  causes,  though  the  oxides  of  iron  generally  form  the  outcrops  of  all 
metalliferous  veins, — the  "gassan"  of  the  Cornish  miners,  and  the  **iron  haf  of  tiM 
Germans.  This  oxidization  is  always  superficial,  and  results  from  atmospheric  cauaei. 
Nearly  all  metalliferous  veins  are  accompanied  by  iron  pyrites,  or  oxides  of  iron.  Tbe 
oxidization  of  the  outcrops  sets  free  the  more  volatile  ores,  or,  being  oxidized,  they  are 
washed  away  by  water ;  while  the  iron,  being  harder,  and  naturally  cemented,  remaini 
behind.  Many  such  apparent  beds  of  iron  exist  in  the  older  rocks,  and  in  nearij  tU 
formations;  but  they  are  neither  true  beds  nor  true  veins,  and,  though  they  ooca8i(ma% 
yield  a  large  amount  of  good  iron  ore,  they  are  superficial,  and  depreciate  rapidly  ni 
quantity  and  quality  as  they  descend  from  the  surface. 

Iron  is  universally  distributed  through  all  animate  and  inanimate  creation,  as  &r  as 
our  earth  is  concerned,  and  exists  in  greater  or  less  extent  in  all  rocks, — generally  so 
limited,  however,  as  to  be  scarcely  perceptible,  but  frequently  in  large  and  evident 
quantities,  though  not  enough  for  practical  purposes,  and  often  in  masses  pure  enaafjn 
for  use,  even  in  those  ferriferous  rocks  which  cannot  be  termed  ore-beds. 

SEDIMENTARY  DEPOSITS  AND  BEDS. 

In  the  early  periods  of  creation  the  metallic  ores  seem  to  have  been  less  abondaiil 
than  during  subsequent  periods.  They  were  either  too  minutely  distributed  throogfi 
the  materials  of  the  globe,  or  too  dense  to  be  the  first  material  vented  from  the  oon- 
densing  earth.  We  find  but  little  mineral  actually  existing  cotemporaneously  with  Um 
older  rocks,  or,  if  existing,  so  minutely  distributed  as  to  be  valueless  for  all  practical  pll^ 
poses.  This  may  be  inexplicable  to  many  old  miners,  who  have  so  often  dug  the  tin 
and  the  copper  from  the  heart  of  the  granite ;  but,  if  they  will  think  a  moment,  thej 
will  recollect  that  all  such  veins  are  in  volcanic  districts,  and  that  they  exist  in  fissures 
formed  not  only  through  the  granite,  but  through  the  gneiss  and  often  through  still 
newer  strata,  existing  on,  or  over,  the  gneiss,  which  proves  conclusively  that  such  v^ni 
were  formed  at  a  period  long  subsequent  to  the  granite.  This  seems  to  be  the  genenl 
rule  among  the  metallic  ores.  All  investigation  proves  our  great  metallic  regions  to 
be  the  creation  of  a  comparatively  late  period,  either  as  the  indirect  results  of  volcanic 
action  or  of  sublimation.  Most  of  our  great  metalliferous  regions,  however,  exist  in 
the  gnelssic  or  Azoic  belt,  and  in  the  upper  portions  of  the  mctamorphic.  But,  as  irf 
before  demonstrated  in  the  early  pages  of  this  work,  the  Azoic  is  the  great  region  of 
volcanic  action,  for  the  simple  reason  that  this  belt  exists  along  the  weakest  lines  of 
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Hit's  eratA,  and,  being  the  reeult  of  early  Toloanoea,  ia  in  the  Tioiiu^  of  thoM 
ie  Tonta  which  fllled  die  Appalachian  basin;  oonaeqaentlj,  it  would  be  twtaral 
oold  be  the  great  region  of  volcanic  ores. 

le  facta  would  not  only  indicato  that  the  metallic  ores  are  of  late  production,  bat 
«ing  more  ponderable  than  the  material  formerly  vented,  they  are  alwaya  or 
lly  the  la^t  to  be  vented,  on  the  principle  developed  in  the  blast  furnace.  It 
thus  be  expected  that  volcanic  eruptions  of  to-day  would  be  more  productive  of 

than  those  of  former  erae ;  but,  as  the  conditions  Uien  existing  do  not  now  exist. 
Id  not  expect  the  siimo  natural  results. 

are  aware  that  all  our  aedimcntary  rocks  were  formed  in  water,  and  that  the 
als  forming  them  are  the  results  of  volcanic  action.  The  logical  sequence  is  that 
-olcanoes  either  esisted  in  water  or  vented  their  lava  into  it.  Metals  are  always 
!  than  their  matrix,  or  the  earthy  strata  in  which  they  are  foaad :  thus,  if  the 
mtained  a  large  amount  of  metal  it  would  be  the  first  to  be  precipitated  to  the 

of  the  water  into  which  the  lava  was  vented.     The  lava  would  not  run  in  a  solid 

from  the  crater  and  solidify  as  a  stratum  in  the  water,  but  the  moment  it  tonebed 
verse  element  it  would  l>e  shivered  to  at^ms  and  thrown  bock  into  the  atlho- 

with  the  steam  it  would  create,  and  the  lighter  portions  would  naturally  arise 
t  and  ashes,  and  be  carried,  by  winds  and  waves  and  tides,  to  remot«  localities, 
the  heavier  material  would  bo  precipitated  in  the  vicinity  in  the  order  of  their 
r. 

.  ettn  scaTocl'y  be  called  a  theory,  since  it  is  a  natural  process,  and  one  that  we 
nost  have  occurred.  But  we  do  not  advance  this  as  Uie  only  mode  in  which  our 
iferoDS  beds  were  formed ;  it  is  only  one  of  the  many ;  yet  »o  &r  it  appears  sotie- 
',  and  we  may  refer  most  of  our  great  Aioic  beds  of  m^pietjo  and  specular  oren 
I  oxides  of  iron  to  this  cause,  and  their  formation  to  these  agencies.  We  may  also 
le  alluvial  or  drift  gold  in  the  "placers"  of  Califonua  and  the  "diggings"  of  Aus- 
u  the  same  causes. 
.  a  washed  from  the  sands  of  many  rivers  and  the  beds  of  many  plmns,  not  only 

from  the  quarts  matrix  of  gold,  but  where  the  streams  cross  no  gold  formations 
I  such  gold  washings  are  in  the  vicinity  of  extinct  volcanoes  or  trappean  form 
It  is  scarcely  possible  that  the  gold  beneath  Table  Mountain  near  San  Fran 
n  the  beds  of  ancient  streams,  or  the  gold  that  s  found  beneath  the  placers 
irived  from  the  ledges  of  the  Nevada  or  the  quarti  ve  ns 

Coast  Range,  but  resulted,  in  all  probability,  from  the 
n  of  volcanic  matter  into  the  ancient  waters.  The  lava 
led  gold  instead  of  iron,  and  the  gold  was  the  first  pre- 
»d  in  the  manner  above  set  forth,  but  unce  the  formation 
magnetic  ores. 
reflection,  it  is  evident  that  we  eonld  not  expeot  the  same 

from  Tolcanio  eruptions  of  later  ages,  since  tho  lava  s 
rented  on  dry  land,  or  thrown  into  deep  seas  beyond  our 
gation.  Tho  ores  or  metallio  portions  of  the  lava  are  too 
>  or  limited  in  amount  to  make  the  whole  mass  rich  enough 
letical  purposes ;  and  since  tho  mass  coots  and  sol  d  fies 

land  without  disintegration,  the  metals  are  not  separat^l 

be  matrix,  or  precipitated,  as  they  would  be  if  thrown  n 

en  condition  on  the  water.    Beds  of  ore  are,  however  "^  • 

itly  formed  at  tho  base  of  trappean  formations,  or  between 

«ta  of  volcanic  rockx,  by  gravitation  or  scgregat  on     and  th  s  form  of  seam* 

or  beds  is  frequently  met  with  in  volcanic  reg  one      But  we   may  state    as  a 

I  het,  that  the  metallic  ores  are  the  direct  or  indirect  resnlta  of  Pluton  o  heat, 
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except  when  strati^ed  with  the  Bedimentary  sandstones  and  slates ;  and  eren  among 
these  beds  a  true  fissure  or  vein  may  occur,  as  shown  in  figure  169. 

We  have  attempted  to  delineate,  in  this  iUustration,  an  ideal  sectioDy  reprcssmtiiiy 
the  form  of  true  or  fissure  veins  in  their  course  from  the  granite  through  the  gneiM 
to  the  PaUeozoic,  and  even  in  it  In  figure  169,  a  represents  the  Palaeozoic  strata,  b  tin 
Asoic,  and  c  the  granite,  d  an  extinct  volcano,  and  ee  the  veins. 

On  issuing  from  the  granite,  the  vapors  and  gases  seek  vents  through  the  stratified 
overlying  Azoic ;  and  since  these  rocks  and  slates  are  generally  stratified  at  hi^  angK 
the  vent  is  formed  or  forced  with  much  more  ease  between  the  strata  than  throng  or 
across  it.  Thus,  we  frequently  find  veins  of  copper  and  other  ores,  though  the  resilt 
of  sublimation  in  fissures,  lying  between  the  strata  in  the  form  of  beds.  These  reini 
always  seek  the  weakest  line  of  crust  or  strata,  and,  of  course,  escape  where  the  kaflt 
force  is  required  to  find  a  vent, — whether  it  be  across  the  strata  or  between  them,  or  in 
the  line  of  faults  or  slips  and  dikes  formed  by  former  convulsions. 

SUBLIMATION. 

Most  true  or  fissure  veins — thoRC.  we  mean,  of  great  depth  and  extending  perhipi 
through  the  crust  of  the  earth — are  evidently  the  result  of  sublimation.  Thon^ 
oxidized  at  the  surface,  they  all  merge  into  sulphurets  at  no  great  depth,  and  beoomi 
lean,  or  less  rich  in  minerals,  as  they  descend  below  the  level  of  condensation. 

It  id  admitted  that  the  interior  of  the  earth  is  or  was  a  molten  mass,  existing  under  ft 
very  high  temperature, — so  high,  in  fact,  that  all  the  known  metals  would  ne  vaponud 
unless  the  tension  or  pressure  from  condensation  and  contraction  forced  them  back  istB 
their  solids  or  liquids.  But  during  late  ages  the  contraction  of  the  earth's  emit  bv 
been  less  violent,  and  the  volcanic  vents,  consequently,  less  frequent.  The  accumnhlifli 
of  vapors  and  gases  would  naturally  seek  vents  through  such  fissures  and  crevices  n 
existed,  or  had  been  formed  by  former  throes.  The  upper  portions  of  these  fisnni 
terminated  in  water,  and  the  volatilized  metals  were  thus  resolved  by  condensatiofii  into 
their  normal  forms.  In  all  fissure  veins,  however,  the  ores  are  mixed  with  impuritiei^ 
or  a  variety  of  ores  are  alloyed;  but  sulphur  is  the  chief  accompaniment  of  all  fissut 
veins.  To  discuss  the  various  forms  in  which  these  veins  exist,  and  the  endless  variety 
of  the  physical  and  chemical  changes  to  which  they  are  subject,  would,  as  we  beibn 
observed,  occupy  more  time  and  space  than  can  be  spared.  We  must,  therefore,  to 
content  to  present  the  main  features;  though  to  be  properly  appreciated  they  ibonld 
be  treated  fully  and  exhaustively,  since  the  facts  and  arguments  can  be  given  oolj  in 
detul. 

SEDIMENTARY  DEPOSITS. 

We  distinguish  the  sedimentary  deposits  of  the  Palaeozoic  formations  from  those  of 
the  Azoic,  because  they  have  been  formed  under  different  circumstances.  Thou^  pe^ 
haps  the  greatest  amount  of  material  forming  the  immense  Palaeozoic  deposits  of  ths 
Appalachian  basin  was  derived  almost  direct  from  volcanic  sources,  it  is  evident  ihit 
those  sources  were  remote,  and  that  the  dust,  sand,  and  ashes  of  volcanoes  were  cunA 
great  distances  into  the  interior  basin.  It  is  also  evident  that  much  of  the  material 
was  derived  from  the  debris  of  older  formations  brought  into  the  c^itral  basins  by 
rivers,  waves,  and  tides.  Consequentiy,  the  ores  deposited  in  these  strata  must  hafa 
been  the  result  of  precipitation  from  a  solution  held  by  the  waters. 

Some  of  these  stratified  beds  are  of  great  extent,  particularly  thoee  of  the  Carto* 
niferous  era,  found  in  our  coal  measures.  We  can  hardly  conceive  how  those  immenn 
ore  beds,  which  are  almost  coextensive  with  the  fields  in  which  they  exist,  eould  bsv* 
been  derived  firom  the  debris  of  older  formations,  since  the  material  derived  from  tlui 
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ooroe  would  be  eztremelj  divenified,  and  not  at  all  likely  to  produce  a  uniform  deposit 
hlier  of  ore,  sandstone,  or  slate.  It  would  be  a  promiscuous  breccM  of  eyery  older 
mky  and  an  olla-podrida  of  every  lithologioal  formation.  We  cannot  comprehend  any 
latural  process  by  which  the  changes  of  beds  and  strata  could  be  formed,  except 
laough  volcanic  means.  A  season  of  rest  and  quiet  forms  limestones,  slates,  shales, 
IT  ooal-beds;  while  seasons  of  volcanic  violence  form  the  coarser  beds  of  sandstones,  &c. 
Snee  all  the  material  of  the  earth  contains  more  or  less  iron,  it  would  be  natural  to 
npjpfme  that  the  lava  vented  from  even  distant  Yolcanoes,  and  carried  by  whatever 
ttocees  into  the  interior  basins,  would  precipitate  this  metal  in  beds.  It  would  find 
Is  peculiar  horizon  of  stratification  by  specific  gravity,  but  the  character  of  the  ore 
rmdd  be  influenced  by  the  chemical  action  to  which  it  was  subjected. 

The  fossiliferous  ore-beds  in  the  vicinity  of  the  limestones  partake  of  its  calcareous 
latore,  while  the  Carboniferous  beds  of  the  coal  measures  are  impregnated  with  the 
arbon  of  the  coal. 

Chemical  action,  electricity,  gravity,  and  common  segregation  may,  and  in  all  proba- 
ility  do,  exert  a  great  influence  in  forming  either  veins  or  beds  of  ore;  but  the  chief 
aoaes  of  their  production  are: — 

FnsT. — By  the  sediment  of  volcanic  matter  thrown  directly  in  water,  forming  beds 
f  magneUc  and  specular  iron  ores,  gold,^  &c, 

Sboond. — ^By  sublimation  in  true  veins  and  fissures,  producing  sulphurets  of  copper, 
STer,  lead,  &c.  &c. 

Thikd. — ^By  grayitation  or  segregation  from  beds  of  lava  and  trappean  formations 
BiMirally,  forming  veins  or  seams  of  limited  extent  and  irregular  spread. 

FovETH. — ^By  precipitation  from  water  holding  the  ores  in  solution,  and  derired 
liefly  from  yolcanio  sources,  but  influenced  and  changed  by  chemical  action  and 
■nilj  with  the  proximate  formations. 

ORES  OP  THE  GRANITIC  OB  PLUTONIC  ROCKS. 

But  little  iron  is  found  in  true  bedjs  or  yeins  in  these  rocks,  and  but  few  productive 
■es  of  any  kind  are  found  in  workable  quantities.  It  would  appear  that  no  metalli- 
ffOHB  deposits  existed  cotemporaneous  with  the  granite  crust  of  the  earth.  These 
Ivtonic  rocks  contain  much  iron,  and  undoubtedly  were  and  are  made  up  of  most  of 
le  constituent  materials  of  the  earth,  but  the  metals  were  not  separated  firom  the  earthy 
Atter  in  which  they  exist.  Most,  and  we  believe  all,  of  the  veins  now  worked  in  the 
rmnite  and  its  overlying  rocks  are  of  comparatively  late  occurrence,  and  are  the 
(salts  of  volcanic  agencies  or  sublimation. 

The  iron  ores  existing  in  the  granites  are  either  the  oxidised  outcrops  of  other 
etellio  yeins,  or  the  result  of  decomposing  rocks  which  contain  iron  in  small  pro- 
nrtions,  or  the  action  of  water,  in  which  these  oxides  form  bog  ore. 
In  the  coarse  or  granitoid  gneiss,  which  follows  the  granites,  and  which  is  often 
irdly  distinguishable  from  the  older  rocks  except  in  its  stratification,  we  sometimes 
id  small  veins  or  bunches  of  titanic  ore,  or  an  impure,  earthy  magnetic  ore  mixed 
ith  trap,  titanium  and  quartz. 

THE  GREAT  AZOIC  BELT. 

In  this  great  zone  of  rocks,  which  encircle  the  entire  Appalachian  basin,  and  which 
iTe  an  inunense  spread  in  many  localities,  we  find  the  proper  region  of  the  magnetic 

*  WUle  ft  ii  erldent  that  mnch  of  the  gold  fbund  In  th«  bedi  of  andent  itraaaM  and  tha  "plaMr^  of  our  gold« 
mfBfi  ia  deposited  in  this  manner,  we  do  not  question  the  fiu;t  that  much  more  If  prodnoed  by  the  deoompoei* 
B  ci  the  goUHMailng  qnaiti  veiDii 
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ore«  or  those  pe^liar  to  the  trappean  formations.  The  gnoesie  rocks  and  ■ssDaiis 
slates  are  generally  embraced  under  the  nomenclatnre  of  metamorphie  or  Asoic,  thosgh 
the  terms  do  not  properly  express  the  character  of  these  formations  in  all  portioaf  of 
the  Appalachian  basin. 

A  simple  fact  seems  to  have  escaped  the  notice  of  onr  geologists,  or  if  notieed  hj 
them  our  reading  has  been  too  limited  to  observe  it. 

The  Azoic  rocks  express  the  meaning  clearly  as  those  without  the  ancient  life,  ar&m 
which  contain  no  fossil  remains ;  as  the  Paheoxoio  rocks  are  those  in  which  are  entonbed 
the  relics  of  pant  races. 

The  Azoic  rocks  are  crystalline,  sedimentary  strata,  metamwphosed  by  beat,  tni 
consequently,  could  not  have  been  formed  during  a  late  period,  or  at  a  time  when  lift 
could  exist.  But  the  rocks  which  may  be  Azoic,  or  destitute  of  the  ancient  life,  m  tke 
East,  may  belong  to  the  Palax>zoic  strata  in  the  West,  since  all  the  evidences  show  tiul 
the  region  of  heat  was  in  the  East  and  that  the  temperature  as  well  as  the  sedimestiry 
strata  decreased  to  the  West  and  North.*  This  is  not  only  evident  as  a  natural  sMjiiCDef, 
but  as  a  fact.  It  is  rare  to  find  fossils  in  the  Potsdam  sandstone  of  the  Blue  Ridge,  <v, 
if  found,  they  are  broken,  and  present  evidence  that  they  were  not  in  siiu^  or  that  thej  wtn 
drifted  from  other  localities  or  formations.  But  in  the  West  and  North  not  only  tbe 
Potsdam  sandstone,  but  several  of  the  underlying  formations,  are  full  of  well-precemd 
fbsMls.  It  therefore  follows  that  the  horizon  of  the  Azoic  rocks  is  not  imiibiB,  bot 
(hat  they  ascend  or  descend  according  to  their  locality  and  the  conditions  of  tlMff 
creation. 

In  the  East  this  formation  approaches  very  nearly  the  Auroral  limestones  of  Rogn 
or  the  Valley  limestone.  It  surrounds,  as  before  observed,  the  entire  Appalachian  bsn, 
but  is  not  developed  beneath  the  Gulf  States,  though  it  undoubtedly  crosses  from  Ae 
Appalachian  Mountain  chain  to  the  Rocky  Mountains  at  some  indefinite  point  MMtk, 
and  encircles  the  great  basin  with  a  zone  or  belt  of  unbroken  gneiss.  In  some  phev 
this  belt  is  wide  and  undulating,  with  comparatively  low  angles  of  dip ;  bat  in  otbcn 
it  is  piled  in  mountain-masses  and  in  oft-repeated  and  folded  strata  of  the  shtrpot 
angles  of  formation,  as  in  Southwestern  Virginia,  North  Carolina,  and  Tennessee,  li 
other  localities  it  is  low  and  narrow,  as  in  Eastern  Pennsylvania  and  New  Jersey,  tut 
everywhere  in  the  East  it  contains  more  or  less  iron  ore  and  numerous  veins  of  coppcft 
lead,  zinc,  &c.  &c.  This  belt  is  pierced  by  thousands  of  fissures;  and  extinct  volenQd 
and  trappean  formations  exist  from  one  end  to  the  other. 

IRON  ORES  OP  THE  AZOIC  BELT. 

We  propose  to  commence  in  the  South  and  trace  the  ores  of  this  formation  arondto 
the  West ;  but,  as  little  development  has  been  made  in  Alabama,  Georgia,  and  SovA 
Carolina  in  this  formation,  we  shall  not  notice  these  States  specially,  more  than  to  my 
that  many  veins  or  beds  of  magnetic  and  red  oxide  have  been  found  within  the  lifluti 
of  their  Azoic  rocks,  but  we  do  not  think  they  will  ever  be  found  as  productive  of  ini 
as  North  Carolina. 

IN  NORTH  CAROLINA 

North  Carolina  conttuns  a  larger  portion  of  Aioic  formation  than  any  other  Stite. 
Not  less  than  half  its  territory  contains  these  rocks,  while  the  remainder  is  made  op  « 
recent  and  Plutonic.  The  entire  Piedmont  district  is  gneissic,  extending  from  the  piny 
barrens  of  the  east  to  the  moimtains ;  but  this  portion,  though  rich  in  gold,  \ebii^  cop* 
per,  zinc,  and  coal,  contains  but  a  limited  amount  of  iron  for  practical  purposes.   I^^ 

*  Wo  alludo  to  tiie  formatioiu  east  of  the  Bocky  IComitalBi. 
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to  her  present  almost  inaccessible  monntains  that  North  Carolina  must  look  for  her 
■apply  of  iron ;  and  there  the  supply  is  unlimited. 

A  good  topographical  map  of  North  Carolina  will  portray  a  vast  monntain-region 
lying  along  the  head  of  the  streams  and  between  the  waters  of  the  east  and  those  of 
tlM  west.  Along  the  eastern  foot  of  this  great  mountain-range  are  two  parallel  de« 
pOBita  of  ore  (we  can  scarcely  call  them  beds,  and  yet  perhaps  they  are  such),  which 
produce  a  fine,  close-grained,  black  oxide  of  iron  of  the  magnetic  variety.  These  beds 
sre  not  generally  large,  but  regular,  and  productive  of  a  pure  ore,  yielding  70  per  cent. 
of  metallic  iron,  or  as  much  as  it  is  possible  for  an  oxide  of  this  class  to  yield.  The 
ore  is  generally  massive,  but  frequently  granular  or  friable,  and  looks  like  fine  black 
Mnd  on  being  mined.  This  variety  is  much  used  in  the  Catalan  forges  of  the  mountain- 
regions  described;  and,  from  a  personal  knowledge  of  the  iron  produced,  either  from  the 
ore  direct  or  from  the  pig  iron  of  the  charcoal  furnaces,  we  can  say  without  hesitation 
that  the  world  can  produce  none  better,  whether  from  Danemora  or  elsewhere. 

These  ranges  of  ore  are  very  extensive,  and  in  all  probability  extend  from  the  Virginia 
line  to  Georgia.  But  the  points  most  developed  are  in  the  vicinity  of  Wilkesborough  on 
the  Yadkin^  Morgantown  on  the  Catawba,  and  Rutherfordton  on  Broad  River.  Near  or 
•bore  Morgantown  are  some  extensive  iron-works,  which  produced  a  large  quantity  of 
•aperior  iron  during  the  rebellion.  But,  as  this  range  of  ore  is  coextensive  with  this 
Tftet  mountain-range,  there  are  other  points  more  available  for  future  use  than  those 
luuned;  and  one  of  these  is  on  Smith's  River  and  vicinity,  a  little  to  the  west  of 
Greensborough  and  Wentworth.  This  region  is  peculiarly  rich  in  minerals,  and  magnetic 
mnd  red  oxides  of  iron  are  abundant,  while  further  to  the  west  are  unlimited  deposits 
of  eopper.  This  copper  region  appears  to  lie  in  a  later  formation  than  that  containing 
tibe  magnetic,  and  may  be  referred  to  the  Lower  Silurian  or  Palaeozoic,  as  recognized  in 
portions  of  the  great  basin ;  but  we  think  it  is  truly  Azoic,  or  so  highly  metamorphic 
■•  to  contain  no  fossils  of  the  ancient  life. 

The  copper  region  is  peculiar.  It  is  embraced  in  a  series  of  basins  lying  between  the 
Blae  Ridge  proper  on  the  west,  or  the  Potsdam  sandstone,  and  the  so-called  Allc- 
^anies,  or  Blue  Ridge,  on  the  east.*  The  formation  is  made  up  of  a  frequent  recur- 
rence of  the  upper  gneissic  strata,  and  contains  several  parallel  ranges  of  copper  beds. 
The  "gassan"  or  **iron  hat''  of  these  beds  often  exists  in  masses  of  red  and  brown 
ooudes  of  great  value ;  while  the  outcrops  of  the  copper  can  be  traced  for  many  miles 
in  unbroken  lines  by  the  masses  of  iron  ore  lying  on  the  surface.  This  great  copper 
region  extends  from  the  point  of  intersection,  or  where  the  mountains  unite  to  the  north 
in  Central  Virginia,  to  where  they  meet  again  to  the  south  in  Georgia,  and  includes  the 
rich  deposits  of  Southwestern  Virginia  and  the  celebrated  Hiawassee  mines  in  East 
Tennessee.  This  entire  region,  extending  along  the  geological  strike  of  the  lithological 
fS^rmations  a  distance  of  nearly  500  miles,  and  from  east  to  west  from  50  to  100  miles, 
is  eminently  a  mountain-district,  and  in  no  part  of  our  country  this  side  of  the  Rocky 
Mountains  are  they  piled  in  such  grand  yet  uniform  order.  Our  maps  give  no  idea  of 
their  topographical  or  physical  ari'angement,  and  to  our  geologists,  generally,  they 
remain  a  terra  incognita.  But,  from  personal  investigation,  we  hazard  but  little  in 
etating  that  no  mineral  region  within  the  limits  of  the  great  basin  is  richer  in  the  ores 
of  copper  and  iron. 

At  the  point  where  this  great  Azoic  region  is  penetrated  by  the  waters  of  the  New 
Rilrer,  these  ores  will  be  available  to  the  coals  of  the  Great  Kanawha,  and  nature  seems 
to  have  paved  or  levelled  the  way  through  the  otherwise  impassable  mountain-barriers 

•  The  Allf^ghaniet,  of  course,  do  not  enter  North  Carolixu^  but  dirldo  Wostem  Virginia  fh>m  Eastern  Virginia. 
The  Blue  Ridge  proper  follows  the  Great  Valley  range,  and  is  geologically  formed  by  the  Potsdam  sandstone.  The 
gTMt  nuisv  fbrming  the  eavtem  escarpment  til  this  monntainH^gion  is  named  fn  error. 
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from  those  vast  coal-fields  on  the  Great  Kanawha  to  the  nnlimitiid  beds  of  ore  ttiklii 
on  its  upper  waters. 

Not  only  do  the  deyolopment  of  this  rich  mineral  regicm  and  the  inexhaustible  sopplj 
of  ores  to  the  coals  of  Kanawha  depend  on  the  avenues  which  maj  be  oanstnutod 
from  one  to  the  other;  but  the  connection  of  the  railroad  system  of  North  Ganiiii 
with  the  rivers  and  railroads  of  the  West  must  take  this  route.  The  passes  of  tht  Kev 
River  are  the  natural  highway  of  trade  from  the  £ast  to  the  West,  and  the  imi  ham 
will  jet  wake  their  echoes  as  he  speeds  in  triumphant  progress  from  the  waters  of  Yir. 
ginia  and  the  mountains  of  North  Carolina  to  the  "Golden  Gate"  of  the  P^ifio. 

The  ores  of  the  Azoic  belt  of  North  Carolina  are  not  entirely  confined  to  the  mooptMS- 
region  described.  Considerable  quantities  exist  in  detached  masses,  in  thin,  scsttmd 
beds,  or  8eams,  through  the  wide  gneissic  rtLnf^  which  lies  between  the  North  Csnltu 
coal  measures  and  this  mountain  region.  These  ores  are  magnetic,  red  oxidss,  tsi 
brown  hematites.  The  magnetics  exist  in  thin  seams,  or  small  scattered  beds,  boA  «sil 
and  west  of  the  small  limestone  range  which  traverses  this  gneissic  belt.  Theoreiii 
the  vicinity  of  this  saccharoid  or  crystalline  altered  limestone  are  generally  brows 
hematites,  and  exist  in  bunches  or  nests  to  a  limited  extent.  The  red  oxides  m 
generally  the  outcrops  of  copper  veins,  &c.  But  these  ores  ore  limited,  and  cauulto 
considered  of  any  great  commercial  value. 

The  mountain-region  described  is  eminently  a  mineral  region,  densely  timbered,  isd 
extremely  inviting  to  the  manufacturers  of  charcoal  ircm. 

ORES  OF  THE  AZOIC  BELT  IN  VIRGINIA 

The  Azoic  mountidn-region  of  North  Carolina  extends  into  Virginia,  but  its  pecnliir 
basin-tfihaped  formations  have  only  a  limited  area  in  this  State,  embracing  only  Iks 
counties  of  Floyd,  Carroll,  and  Grayson. 

The  magnetic  range,  however,  may  be  traced  into  Virginia  by  derelopmeDti  it 
Franklin  and  Bedford  counties,  and  its  continuation  may  be  noted  at  intervals  Is  tkt 
east  of  the  Blue  Ridge  through  a  great  portion  of  Virginia.    But,  though  we  have  o- 
plored  this  State  very  extensively,  and  have  shafted  at  many  points  on  the  peeufiar 
magnetic  range  under  discussion,  we  have  never  found  it  in  great  abundance.    Tbs 
veiu8  or  beds  are  thin,  irregular,  and  much  injured  by  impure  matter.    In  the  vidiuftif 
of  the  Peaks  of  Otter,  large  quantities  of  this  ore  lie  scattered  on  the  sorfaoe,  bat  we 
have  never  been  able  to  trace  it  to  any  body,  nor  have  we  ever  heard  of  any  large 
masses  of  magnetic  ore  being  found  on  this  range,  or  in  the  region  where  we  weold 
naturally  expect  to  find  the  largest  or  most  valuable  beds  of  magnetic  ores.    The  tnfh 
pean  rocks,  however,  which  abound  in  this  region  are  generally  impregnated  with  iron; 
and  the  whole  Piedmont  country,  from  the  Blue  Ridge  to  the  Eastern  granite  ranges,  ii 
full  of  scattered  iron  ores,  impregnating  the  rocks,  coloring  the  soil,  and  existing  ia 
limited  beds  of  oxidized  surface  ore,  as  red  and  brown  hematites  and  black  and  ifd 
oxides. 

In  the  vicinity  of  the  saccharoid  or  crystalline  limestones,  as  in  North  Coroliii^ 
there  are  numerous  beds  or  bunches  of  brown  oxides,  but  they  are  of  limited  extend 
and  have  but  little  depth.  Traced  down,  they  almost  invariably  terminate  in  spanji 
quartzose  slates,  or  iron  pyrites. 

Parallel  with  the  gold  belts,  which  appear  to  be  two  in  number,  we  find  the  eaitsn 
and  western  magnetic  ranges.  The  saccharoid  limestone  and  the  accompanying  oiidei 
of  iron  exist  between  these  ranges ;  while  the  formations  containing  the  magnetie  oni 
appear  to  be  older  than  the  gold  to  the  east,  and  newer  or  later  than  the  gold  to  tte 
west.  But  the  reappearance  of  the  granitoid  gneissic  in  the  Peaks  of  Otter  and  ote 
elevations  of  the  Blue  Ridge  offers  conclosive  evidence  of  the  repetition  of  the 
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ranges  to  the  west,  and.  consequently,  the  magnetic  ores  which  lie  below  the  gold  in 
the  east  are  of  the  same  ages  and  formation  with  those  that  lie  geologically  below  the 
gold  in  the  western  range,  or  in  the  formations  bordering  on  the  eastern  spurs  of  the 
Blue  Ridge. 

The  Azoic  belt  in  Virginia  is  wide,  undulating,  and  made  up  of  oflen-repeatcd  axes, 
folded  in  sharp  and  frequently  perpendicular  strata.  The  formations  are  frequently  cut 
by  trappean  dikes,  and  the  debris  of  volcanic  rocks  are  found  throughout  the  eastern 
portion  of  the  gneissic  formations.  All  these  rocks  contain  iron  in  limited  quan- 
tities. They  appear  to  exist  in  their  primitive  condition,  and,  though  denuded  by 
subsequent  floods,  were  never  subject  to  the  disintegrating  process,  which  alone  could 
precipitate  their  iron.  Consequently,  we  frequently  find  large  masses  of  black  oxides 
in  the  eastern  magnetic  range  scattered  over  the  surface,  but  no  beds  in  stiu  have  yet 
been  discovered.  We  have  proved  several  of  the  reported  magnetic  beds  of  Eastern 
Virginia,  but  they  all  terminated  in  ferriferous  trappean  rocks  at  no  great  depth,  or  in 
impregnated  quartzose  slates.  It  is  hard  to  account  for  the  absence  of  this  ore  in  Vir- 
ginia in  workable  beds,  since  the  Azoic  belt  is  very  extensive,  and  trappean  rocks  or 
volcanic  outbursts  are  frequent.  We  can  only  account  for  it  in  assuming  that  this 
portion  of  Virginia  was  not  covered  by  water  at  the  period  of  those  volcanic  eruptions 
which  produced  our  great  Azoic  ore  beds,  since  it  is  evident  that  their  occurrence  was 
long  subsequent  to  the  formation  of  the  gneiss  in  which  they  exist. 

The  great  region  of  iron  ores  in  Virginia  is  in  the  limestones  of  the  Valley,  and 
between  the  Blue  Ridge  and  the  North  Mountains,  to  which  we  shall  refer  in  that  con- 
nection. 

IKON  OBES  OP  THE  AZOIC  BELT  IN  MARYLAND. 

The  Azoic  belt  occupies  a  limited  <  area  in  this  State.  The  low  shores  of  the  bay 
extend  the  Tertiary  to  the  west  of  its  general  line  in  Virginia,  and  the  Mesozoic  red 
sandstones  conceal  the  greater  portion  of  that  part  of  the  Azoic  not  encroached  on  by 
the  Tertiary.  But  the  metalliferous  ranges  pursue  their  course  persistent  with  the 
strike  of  the  geological  formations,  and  the  copper  and  magnetic  ores  are  found  in  their 
proper  respective  positions  as  developed  to  the  south. 

Beds  of  magnetic  and  specular  ore  exist;  but  we  have  not  heard  of  their  being  pro- 
ductive to  any  extent.  The  principal  sources  of  iron  in  Eastern  Maryland  are  the 
argillaceous  or  white  carbonate  of  the  Tertiary,  and  the  red  and  brown  hematites  of 
the  saccharoid  limestones. 

IRON  ORES  OP  THE  AZOIC  BELT  IN  PENNSYLVANIA. 

The  Primal  and  gneissic  rocks  are  less  elevated  in  Eastern  Virginia,  Maryland,  and 
Pennsylvania  than  in  North  Carolina  and  Tennessee  to  the  south,  or  in  the  States  lying 
to  the  north.  They  seldom  form  mountain-ranges  in  these  Middle  States,  as  they  do  in 
the  Southern  and  more  Northern  States.  Trappean  dikes  and  the  evidences  of  volcanio 
outbursts  or  vents  are  numerous,  and  trap  rocks  of  all  remote  periods  are  scattered 
over  the  greatest  part  of  the  gneissic  area;  but  we  rarely  find  beds  of  magnetic  ores  to 
compare  with  those  of  the  former  States.  The  beds  which  are  developed  are  in  a  line 
of  strike  coincident  with  the  magnetio  ores  of  New  Jersey,  and  in  the  lithological  strata 
containing  them  in  North  Carolina. 

The  Warwick  mine  occupies  a  position  between  the  lower  Palsdozoio  and  the  azoic, 
and  the  ores  are  only  partially  magnetic,  changing  to  brown  hematites  in  their  upper 
strata.    This  is,  however,  a  true  bed,  and  has  been  for  a  long  period  productive. 

Starting  from  a  point  near  the  New  Jersey  line,  northeast  of  Easton,  we  find  a  con- 
^uation  of  the  New  Jersey  magnetio  ores  developed  in  Lehigh  Hill,  thoogh  in  limited 
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qnantitiefl;  ftgain  in  the  Darfamm  mines,  soath  of  the  former  locmlity.  Heie  1k«i 
is  good,  and  the  bed  from  2  to  14  feet  thick.  Still  farther  Boath  we  find  the  Ibnt 
Pleasant  mines,  and  near  Reading  the  Penn's  Monnt  mines.  Following  thb  gncnl 
strike,  the  magnetic  ores  are  found  in  limited  quantities  into  Ifaryland;  but  they  depi»> 
date  in  quantity  and  quality  from  the  Lehigh  south,  and  bat  little  prodactire  msgnetie 
exists  between  that  point  and  the  mountains  of  North  Carolina,  when  compared  iritli  the 
immense  masses  deTeloped  in  New  Jersey,  New  York,  and  the  Axoic  range  to  tbemth. 

ANALYSIS  OF  THE  ORES  OF  THE  ONEISSIC  ROCK  OF  PENNSTLVANIA.* 
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ORES   OF  THE   AZOIC  BELT  IN  NEW  JERSEY. 

The  magnetic  ores  of  New  Jersey  are  less  massive  than  those  of  New  York,  bat  At 
beds  are  perhaps  quite  as  regular,  and  the  ore  about  equal  in  qnantitj.  The  ctfttn 
range  of  magnetic  ores,  as  deToloped  in  Virginia,  does  not  extend  beyond  that  SM^ 
The  true  range  is  the  western  strike,  in  line  with,  and  parallel  to,  the  Potsdam  m^ 
stone  of  the  Blue  Ridge. 

It  appears  evident  that  two  outcrops  of  magnetic  ore  exist  in  this  range,  prohtUj^ 
basined  edges  of  the  same  beds,  since  these  magnetic  deposits  follow  the  str^  of  ^ 
gneissic  rocks  as  uniformly  as  the  strata  of  a  coal-seam.  Five  beds  are  woiked  hj  tke 
Lackawanna  Iron  &  Coal  Company  of  Scranton  in  Morris  oounty.  Two  of  these  vtfnm 
2  to  10  feet  thick,  and  one  from  10  to  35  feet  in  thickness.  They  are  worked  by  tmiBdi 
which  intersect  the  deposits  at  about  100  feet  from  their  outcrop.  The  dip  of  the  itnO 
is  from  TO*'  to  75^ 

These  metalliferous  Azoic  rocks  extend  through  the  eonnties  of  Warren,  SusffZ,  w^ 
Morris  in  New  Jersey,  and  extend  through  Orange,  Putnam,  and  Dntohess  ooantief  ■ 
New  York.    The  metallic  belt  is  narrow  in  the  southern  part  of  New  Jersey,  but  gn*^ 
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• 
illj  widens  in  a  northern  direction.  The  mountain-ranges  in  which  this  ore  has  been 
dereloped  in  this  State  are  the  Marble  Mountain,  Scott's  Mountain,  Jenny's  Jump, 
Allamanche,  and  the  AndoTer  Hills,  with  the  Pochunk  and  Wawayanda  Mountains. 
These  ranges  form  the  northwestern  margin  of  the  gneissic  formations.  The  south- 
CMtem  boundary  is  formed  by  the  Musconetcong  and  Schooley's  Mountains  in  Warren 
snd  Sussex,  and  the  Highlands  in  Passaic. 

The  amount  of  ore  developed  within  those  ranges  in  this  State  is  practically  un- 
limited. The  region  is  opened  out  by  the  Morris  &  Essex  Railroad  and  the  Morris 
Canal,  and  the  mines  of  this  rich  and  valuable  ore  are  closely  connected  with  the 
immense  stores  of  anthracite  which  exist  in  available  proximity.  Large  quantities  of 
thie  magnetic  ore  are  used  in  the  Lackawanna  coal  region  at  Scranton,  and  by  (he 
miinerous  and  successful  furnaces  on  the  Lehigh. 

ORES  OP  THE  AZOIC  BELT  IN  NEW  JERSEY  AND  NEW  YORK. 

"In  the  Highlands  of  this  State  and  Now  Jersey  the  principal  mines  occur  in  two 
gnuLi  ranges  or  systems.  Those  in  the  more  easterly  are  the  Forest  of  Dean,  the 
Greenwood,  and  the  Sterling,  in  this  State;  and  the  Ringwood,  on  the  New  Jersey  side 
of  the  line.  For  the  next  12  or  15  miles  of  its  course,  no  mining  operations  of  any 
■oeount  are  carried  on  at  present;  but  in  the  same  range  of  mountains,  in  Morris 
eoantj,  we  find  the  Beach  Glen,  the  Hibernia,  the  Mount  Pleasant,  the  Mount  Hope, 
the  Richard,  the  Allen,  the  Swede,  the  Irondale,  the  Byram,  the  Dickerson,  and  other 
Bunes, — all  within  a  breadth  of  two  miles  from  northwest  to  southeast. 

**  The  Forest  of  Dean  is  five  miles  from  the  Hudson  River  at  Fort  Montgomery,  with 
whloh  it  will  shortly  be  connected  by  a  railroad  five  miles  long,  with  a  descent  of  600 
The  property  was  recently  purchased  by  the  Poughkeepsie  Iron  Company,  who 
making  improvements  with  a  view  to  making  the  mine  more  productive  than  for- 
torly  Since  the  1st  of  May  about  2500  tons  of  ore  have  been  taken  out  and  shipped. 
Tho  nomber  of  miners  now  at  work  is  25,  and  about  20  others  are  engaged  in  making 
I«|mr8.  The  vein  worked  is  60  feet  wide  at  the  depth  of  135  feet  perpendicular.  Iron 
sade  from  it  is  of  the  best  quality. 

''The  Greenwood  mines  comprise  three:  the  Bull,  the  Surebridge,  and  the  O'Neill, — 
the  last  yielding  %t  celebrated  ore.  These,  with  a  tract  of  8000  acres  of  land,  and  an 
anthracite  and  a  charcoal  furnace,  are  owned  by  Messrs.  Robert  P.  and  Peter  P.  Par- 
rott,  whose  guns,  manufactured  at  the  West  Point  foundry,  have  been  in  the  habit  of 
^peaking  for  themselves  to  some  purpose.  The  product  of  these  mines  last  year  was 
^bont  20,000  tons,  out  of  which  were  made  6800  tons  of  metal.  The  anthracite  furnace 
la  DOW  idle,  but  preparing  to  resume.  Number  of  miners  now  engaged,  about  75 ;  and 
the  whole  force  of  employees  is  nearly  200. 

*•  The  Sterling  mine  has  lately  been  sold  by  Mr.  P.  Townsend  to  a  party  of  Pennsyl- 
Tmoia  capitalists,  known  as  the  Mount  Sterling  Railway  &  Mining  Company,  who  are 
constructing  a  first-class  railroad  to  their  principal  mine,  to  be  operated  by  steam. 
They  are  also  converting  a  charcoal  furnace  into  a  hot-blast  anthracite,  to  be  driven 
bj  a  steam-engine  of  150  horse-power.  Product  of  the  works  last  year,  about  8000 
tone  of  ore,  or  3500  of  metal.  The  number  of  employees  in  all  departments,  except 
tailroad-building,  is  about  135.    Mr.  Charles  T.  Ford  is  superintendent. 

**  The  Ringwood  mine,  with  two  forges,  belongs  to  Messrs.  Cfooper,  Hewitt  &>  Miller, 
yrho  purchased  that  extensive  tract  from  the  Trenton  Iron  Company.  A  branch  rail- 
load  to  the  Erie  is  in  contemplation.  Quantity  of  ore  taken  out  last  year,  about  2000 
tons-     Mr.  Philip  R.  George  is  superintendent 

**  The  Beach  Glen,  the  Swede,  the  Orchard,  and  the  Mount  Pleasant  mines  belong  to 
M easrs.  Fuller,  Lord  &  Co.,  whose  extensive  works  are  at  Boonton.    Number  of  em« 
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ployees,  about  120;  quantity  of  ore  taken  out  last  year,  abont  24,000  tons.    Mr.  Bobat 
Oram  is  Huperintendent,  aQd  in  his  absence,  Mr.  Joseph  Richards. 

"The  Ilibcrnia  mine  is  leased  by  the  Trenton  Iron  Company.  A  snbstaDfciallj-knh 
railrf>ad  connects  the  works  with  the  Morris  Canal  at  Rockaway,  four  miles.  Siind 
last  year  between  15,000  and  16,000  tons  of  ore.  Number  of  employees,  abost  Mk 
Mr.  Richard  George,  superintendent. 

"Another  mine  on  the  Ilibemia  tract  belongs  to  the  Glendon  Iron  Company, wlio 
employ  about  125  men.  Raised  last  year  nearly  20,000  tons  of  ore.  Mr.  Georgi 
Richards,  superintendent. 

"The  Trenton  Iron  Company  own  the  Allen,  the  Dell,  the  Rosedell,  and  one  of  tin 
Ilurd  minci«.  Quantity  of  ore  taken  out  last  year,  about  20,000  tons.  Number  of  cd- 
ployces  now,  about  20:  three  of  these  mines  lying  idle.  Ore  shipped  to  Philipsbnr^ 
where  arc  the  company's  blast-furnaces.   It  is  thence  sent  to  the  rolling-mill  at  TrentoiL 

"The  Mount  Ilope  mine,  with  a  railroad  four  miles  long,  belongs  to  the  LacktviDBi 
In)n  &.  Coal  Company,  who  transport  the  ore  by  canal  and  railroad  to  Scranton,  Ptti- 
sylvania,  where  it  is  converted  into  pig  and  bar  iron.  Number  of  employees,  ibosk 
350,  under  the  superintendence  of  Mr.  Richard  Stevens.  Quantity  taken  out  last  fiscil 
year,  58,572  tons,  of  which  7200  were  raised  in  June.  Included  in  the  above  an  the 
products  of  the  Taylor,  the  FelK),  and  the  Brannin  mines. 

"  The  Thomas  Iron  Company,  of  Pennsylvania,  own  the  Richard  mine,  which  toned 
out  about  19,000  tons  last  year.  Mr.  D.  Jenkins  is  the  superintendent.  Number  of 
employees  at  present,  about  75. 

"The  Irondale  mines,  half  a  dozen  in  number,  lie  on  the  south  side  of  the  Monii 
Canal  and  the  Morris  &  Essex  Railroad.  They  belong  to  the  Sussex  Iron  Compuyi 
who  sell  the  ore  to  various  interests.  The  number  of  employees  is  aboat  70.  Qnaatitf 
of  ore  raised  in  1864,  about  25,000  tons.    Mr.  John  Ilance  is  superintendent. 

"  The  Lehigh  Crane  Iron  Company,  of  Pennsylvania,  own  the  Randall  HiH  buh 
nnder  the  management  of  Mr.  David  Jenkins,  with  25  men,  who  took  out  4500  toM 
last  year;  also  the  Hilts,  the  Solomon,  and  a  few  others  in  the  western  range.  Moil 
of  these  are  for  the  present  doing  little. 

'*The  Dover  Iron  Company  own  the  Byram  mine,  the  deepest  in  New  Jenej,  the 
incline  reaching  to  550  feet  without  any  appearance  of  exhaustion.  A  magnificent 
steam-engine  of  100  horse-power  has  just  been  put  up  on  the  property,  under  the  dile^ 
tion  of  Mr.  Charles  King.  Nothing  has  been  done  here  for  some  years;  but  operatieai 
will  soon  be  resumed. 

'*The  Allentown  (Pennsylvania)  Iron  Company  lease  and  work  the  Dickerson  miiMi 
one  of  the  richest  and  best  in  the  country,  which  yielded  last  year  12,000  tons,  and  is 
still  keeping  up  to  that  figure.  Number  of  employees,  72,  under  the  general  superin- 
tendence of  Mr.  Canfield,  assisted  by  Mr.  W.  F.  Potter. 

"The  Bethlehem  (Pennsylvania)  Iron  Company  own  or  lease  the  Logan  mine,  wluck 
yields  about  500  tons  annually:  also  the  Birch  and  Wilkinson  mines  on  the  weiten 
range.     About  a  dosen  men  in  all  are  employed  in  these  works.  (New.) 

'*The  principal  mines  in  that  range  are  the  Hurd,  theWeldon,  the  Schofield,<hl 
Ford,  and  the  Ogden. 

'*The  first  of  these,  on  the  northeastern  shore  of  Lake  Hopatcong,  is  leased  by  ths 
Glendon  Iron  Company,  who  employ  about  45  men.  Took  out  last  year,  13,000  toBt. 
Mr.  George  Richards,  superintendent.  This  year  the  product  is  expected  to  be  ody 
10,000.  There  are  two  principal  veins  on  this  property,  each  from  6  to  10  feet  thii^ 
and  somewhat  sulphury,  especially  near  the  surface.  The  Ford  mine,  also  leased  bj 
the  same  company,  is  now  idle :  last  year,  shipped  2200  tons,  besides  a  connderaUi 
quantity  which  could  not  be  sent  off. 

*'The  Schofield  mine,  also  idle,  is  owned  and  operated  by  the  Lehigh  Crane  Im 
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who  shipped  aboat  4000  tons  in  1864.  This  and  the  Ford  are  expected  to 
ortly. 

Nekton  is  an  old  mine,  which  lately  passed  into  the  hands  of  a  gentleman  in 
n.  At  present,  about  30  men  are  at  work,  mostly  sinking  shafts  and  driying 
X)k  out  last  year  about  4500  toos. 

gden  mine  is  the  most  valuable  on  that  whole  range.  It  belongs  to  a  com- 
ennsylvanians,  known  as  the  Ogden  Mining,  Railway  k  Manufacturing  Oom- 
( implied  by  this  title,  they  are  constructing  a  first-class  railroad,  10  miles  in 
fm  Lake  Hopatcong  to  their  property,  to  be  operated  by  steam.  They  are 
rised  to  extend  it  in  both  directions,  and  engage  in  the  manufacture  of  iron, 
being  raised  at  present,  on  account  of  the  difficulty  of  transportation.  Last 
oyed  about  25  men,  who  took  out  35,000  tons.  Mr.  George  Richards,  supor- 
These  veins,  five  in  number,  are  entirely  free  from  sulphur,  and  yield  iron 
t  quality. 

B  the  works  mentioned  above,  there  are  probably  a  dozen  others,  each  em- 
loat  as  many  men  in  brisk  times,  but  for  the  most  part  now  idle.     They  are 
individuals,  who  sell  the  ore  at  the  pits  or  on  the  canal. 
•  now  able  to  sum  up  the  numbers  of  men  employed  at  present,  and  the 
of  ore  raised  last  year,  which  will  be  found  nearly  as  follows:— 

Ko.  of  Product  of  or» 

Nman.  employee!.  in  tons. 

,  Lord  k  Co ^  120  24,000 

keepsie  Iron  Co 45                 

t  Brothers 200  20,000 

ig  Mining  Co 80  8,000 

%  Hewitt  k  Miller 260  4,000 

n  Iron  Co 60  85,600 

m    "     *«  170  86,600 

i  Crane  Iron  Co 26  11,600 

hem         "     " 12  1,000 

jwn          "     ** 72  12,000 

**     " 70  26,000 

Mining  Co 8,600 

ifanna  Iron  &  Coal  Co 860  68,600 

s  Iron  Co 76  19,000 

"      **  16                 

160  60,000 

Total 1,644  818,600 

9  nearly  10,000  tons  of  zinc  and  franklinite  ores,  employing  200  men.''* 
scarcely  possible  that  greater  availability  than  this  can  exist  in  any  of  the 
oing  regions  of  the  world.  The  deposits  of  ore  are  large,  rich,  and  pro- 
rhe  amount  of  labor  required  to  produce  it  should  be  much  less  than  that  re- 
produce the  ores  of  Wales  from  seams  ranging  from  six  inches  to  two  feet  in 
The  coal  and  limestone  exist  in  quantity  and  quality  superior  to  any  other 
lown.  The  distances  between  them  are  limited,  and  the  means  of  transport- 
simple  and  cheap.  The  brown  hematites  of  the  valley  limestones  are  con- 
3h,  and  abundant,  and  furnish  an  excellent  admixture  for  the  more  refractory 

ich  favorable  circumstances,  it  seems  impossible  that  iron  can  be  produced 
er  economy  in  any  other  part  of  the  world,  since  it  is  impossible  that  avail- 

*  Krom  the  **  American  BailixMid  JoonuO,*  September  16^  1881. 
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ablo  moans  Hhoald  offer  greater  natural  advantages.  In  fact,  thej  can  only  be  icndend 
uljortivu  by  uiiwiho  Ic;^i8lation,  or  that  short-Higbted  policy  which  opens  to  the  iii' 
povcriHbed,  Htarving,  and  crowded  communities  of  the  Old  World  the  markets  «f  the 
New,  by  placing  our  lal^or  and  resources  in  competition  with  theirs,  and  leTeUing  our 
condition,  our  toil,  iind  our  resources  down  to  their  miserable  standard. 

As  bofiiro  stntcil,  the  continuation  of  this  metallic  or  magnetic  range  cootiniiei 
through  New  Jersey  into  New  York,  extending  through  Orange,  Westehester,  PotaiBp 
and  Dutfhi'sM  nmntioH.  and  from  thence,  sweeping  around  through  Connecticut,  MiMr 
ohuMrttH,  and  ViTUiont.  re-enters  New  York  by  Lake  Champlain,  and  produces  the  edi- 
bralod  i>ro  do|H>sits  of  Essex,  Clinton,  Franklin,  and  Lawrence. 

ORE   BEDS  OF  THE  STERLING   MOUNTAIN. 

Many  dovolopniont^  have  been  made  in  this  formation,  and  large  amounts  of  maigDetie 
OK^s  art^  obtained  ft>r  the  furnaces  on  the  Hudson  from  the  oeds  which  exist  in  cIom 
prt^ximity  to  itn  banks  in  the  counties  named ;  but  none  of  these  minor  deposits  will 
comj^aro  in  i quantity  or  extent  to  the  magnetic  and  specular  ore  beds  of  the  Stertiog 
Mttuuiaiu!*   ill   i^nmp^  ci^unty.     It   is  singular   that  those   immense  deposits  of  the 
purt'Ht  ort«<  should  have  lioen  known  and  worked  for  the  past  hundred  years  and  yit 
Httrtu't  M'  Uiilo  attention.     Here  we  find  immense  deposits  of  the  richest  ores  within 32 
lutlo^  of  the  vi'.v  of  New  York,  et^ual  in  extent  to  the  celebrated  iron  mountainiof 
Mt^Muir't.  Htiil  ri\  ailing  the  now  famous,  though  lately  discovered,  iron  regions  of  Lib 
Su^H'iior.     Suue  twenty  or  thirty  veins  or  beds  of  black  oxide  and  specular  ores  hnt 
been  de\el\*|H'd  on  the  Sterling  0]«tate,  with  an  aggregate  thickness  of  from  40  to  50 
\ii\\U.     t(u(  the  Sterling  In^n  Mountain  is  the  wonder  of  all  who  investigate  it   So 
Utilo  ban  bivu  said  and  so  little  known  of  this  vast  deposit  of  iron  that  the  BtzaDgerii 
toially  uupreiHired  for  the  surprise  that  awaits  him. 

THE   STERLING   IRON  MOUNTAIN. 

Sterling  Mountain  is  situated  at  the  outlet  of  Sterling  Lake.  It  risea  from  thieetp 
four  huudriHl  feet  above  the  lake,  and  its  eastern  side  displays  one  vast  mass  of  hbdc 
oxidt),  of  unknown  thickness.  Enough  can  be  seen,  however,  to  justify  the  assatifli 
that  it  is  practically  unlimited,  and  contains  ore  enough  to  supply  the  endre  wants  of 
the  nation  for  centuries,  or  perhaps  we  might  say,  without  exaggeration,  that  all  thi 
anthracites  of  Pennsylvania  might  be  exhausted  to  reduce  it. 

These  vast  deptjsits  of  ore  are  found  on  what  is  known  as  the  Sterling  estate,  fonneriy 
in  ])os8eBsion  of  James  Alexander,  or  Lord  Sterling  of  Revolutionary  memory*  It 
sul>sot|ucntly  belonged  to  the  Townsend  family,  who  worked  it  as  an  iron  estate  fvt 
long  period.  Perhaps  it  is  the  oldest  iron  establishment  in  the  United  States  which 
has  not  been  abandoned  or  brought  ruin  on  its  possessors. 

Uceently  this  estate,  which  is  about  thirty  miles  square  and  contains  22,000  aen^ 
has  been  purchased  by  the  Sterling  Iron  &  Kailway  Company,  composed  principallji 
we  believe,  of  enterprising  Philadelphians,  among  others  we  may  mention  oar  gmt 
financier.  Jay  Cooke,  and  the  President  of  the  Company,  J.  B.  Moorhead. 

This  company  are  developing  the  Sterling  estate  on  a  scale  commensurate  with  ili 
extent  and  value.  A  railroad  has  been  constructed  from  the  iron  mountains  to  oouMi 
with  the  New  Y«>rk  &  Erie  Railroad  at  a  point  twenty  miles  north  of  Piermont,  oo  thi 
Hudson  River.  This  new  railroad  is  seven  and  a  half  miles  long,  making  the  nStw$J 
transportation  from  the  mines  to  Piermont  twenty-seven  and  a  half  miles.  Wbea  w 
ore  is  brought  to  the  Hudson  River  it  is  open  to  the  markete  of  the  world,  and  mi^ki 
taken  across  the  ocean  as  ballast  and  there  manufactured  into  iron.    Bat  the  cUrf 
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market  for  this  ore  will  be  on  the  Schuylkill  and  the  Lehigh,  sinee  the  empty  canal- 
boats  which  bring  down  coal  may  be  loaded  with  despatch  at  the  wharres  of  the  com- 
pany and  return  with  their  freight  of  magnetic  ores  to  the  anthracite  furnaces  on  those 
streams.  The  Sterling  Iron  &  Railway  Company  have  constructed  150  cars  for  the 
transportation  of  their  ore,  and  have  made  a  contract  with  the  New  York  k  Erie  Rail- 
way Company  for  the  transportation  of  full  trains  direct  from  the  mines  to  Piermont, 
at  which  place  they  have  made  eztensiye  arrangements  for  shipping  ores,  which  will  be 
direct  from  the  cars  into  the  boats.  These  arrangements  will  enable  the  company  to 
ship  100,000  tons  the  first  year  of  their  business ;  and  as  the  demand  increases  for  ore 
the  supply  can  be  increased  to  almost  any  extent. 

The  following  analysis,  by  Messrs.  Booth  &  Ghirrett,  of  Philadelphia,  gives  the  con- 
stituents of  this  ore,  and  the  yield  of  metallic  iron. 


Lake  Bed. 

Sterling  MauiUain, 

Magnetic  oxide  of  iron, 

94.7 

97.6 

Silex,  or  sand, 

4.8 

2.9 

Alumina, 

0.8 

0.8 

99.8 

100.8 

Percentage  of  metallic  iron,     68.6  70.7 

One  ton  and  fifteen  hundred-weight  of  this  ore  will  produce  one  ton  of  pig  iron;  to 
reduce  which  one  ton  seven  hundred-weight  of  pure  coal,  with  five  hundred-weight  of 
limestone,  should  be  sufficient 

The  cost  of  quarrying  the  ore  cannot  exceed  50  cents  per  ton,  and  its  transportation, 
under  ordinary  circumstances,  would  not  exceed  2 J  cents  per  ton  per  mile:  hence  it 
can  be  delivered  at  Piermont  for  $1.20  per  ton, — or,  with  profit  to  the  company,  at  $2.50 
per  ton  under  ordinary  circumstances ;  while  the  cost  of  transporting  it  in  return  coal- 
boats  would  not  be  greater  than  the  transportation  on  ooal, — say,  under  ordinary  prices, 
from  $2  to  $2.50  per  ton.  It  is  thus  evident  that  this  ore  can  be  used  at  our  furnaces 
with  economy. 

The  rocks  of  this  region  are  classed  by  Professor  Hitchcock  and  others  as  corresponding 
with  the  Azoic  rocks  of  Sweden,  and  the  ores  are  ranked  with  those  of  the  celebrated 
Danemora  mine.  The  rocks  consist  of  crystalline  granitic  gneiss,  cr3r8talline  or  sacoha- 
Toid  limestone,  hornblende,  and  micaceous  slates.  The  ores  are  aooompanied  with 
bands  of  felspar,  or  are  enclosed  in  ciT^stalline  limestone,  associated  with  garnet,  augite, 
hornblende,  thallite,  and  calc-spar.  The  rocks  and  ores  are  stratified  in  beds,  and  dip 
to  the  southeast  at  an  angle  varying  from  30**  to  50^. 

• 

OBES  OF  NOETHEBN  NEW  TOEK. 

The  magnetic  ore  beds  of  Lake  Champlain  and  vicinity  are  more  limited  in  size  than 
those  of  Sterling  Mountain,  but  nevertheless  are  very  rich  and  productive. 

The  ores  of  Clinton  and  Essex  counties  are  among  the  most  celebrated  of  the  country. 
They  are  all  stratified  with  gneissio  rocks,  and  are  coincident  with  them  in  their  line  of 
strike,  and  frequently  so  on  their  planes  of  dip.  The  beds  vary  firom  two  to  ten  feet  in 
width,  and  have  been  worked  to  a  depth  of  nearly  800  feet.  The  names  of  the  veins 
or  beds  developed  are: — ^the  four  Arnold  veins,  the  Palmer  vein,  and  the  Cook  veins, 
which  are  four  or  more  in  number. 

There  are  but  few  localities  in  Connicticut  where  the  magnetic  ore  of  the  Azoic 
belt  has  been  developed;  the  range,  however,  may  be  traced,  and  the  outcrops  of  limited 
beds  discovered ;  but  we  have  not  heard' or  read  of  any  considerable  amount  which  has 
been  mined.    Spathic  ore  of  good  quality  exbts  near  Roxbury,  and  is  described  by 

S6 
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Professor  Shepard  as  a  vein  from  6  to  8  feet  in  sise,  oonsisting  of  pure  carbonate  of  ini, 
■lightly  mixed  with  white  quartz. 

The  ores  of  this  State,  like  those  of  Massachusetts  and  YiaiioirT,  are  chiefly  of  the 
tertiary  age,  and  consist  generally  of  brown  hematites  and  yellow  ochrey  mixed  with 
manganese  to  a  certain  extent  These  States  are  not  rich  in  iron  oree  of  any  kind,  tnd 
but  little  magnetic  is  found. 

Nxw  HAMPsnias  and  Mainx  are  richer  in  ores,  and  several  powerful  beds  of  magnetie 
black  oxides  have  been  discovered,  but  they  have  not  been  developed  to  any  extent 
These  States  are  too  remote  from  fuel,  and  the  mountain-regions  in  which  the  ores 
generally  exist  are  not  yet  opened  up  for  transportation.  We  merely  mention  these 
localities  to  keep  on  the  trace  of  the  Asoic  belt.  But,  as  a  portion  of  that  belt  sweepi 
away  from  the  New  England  States  and  crosses  below  Lake  Ontario  into  Canada,  ve 
may  follow  the  true  metallic  range  of  this  belt  from  Lake  Ghamplain,  in  New  York, 
into  Canada  West,  and  thence  around  the  northern  shores  of  the  great  lakes  to  the 
famous  magnetic  and  specular  ore  beds  of  Lake  Superior. 

The  first  great  deposit  we  find  noticed  in  the  Lake  Superior  region  is  the  ores  in  the 
vicinity  of  Batchawamung  Bay,  on  the  eastern  shores  of  the  lake,  and  about  forty-fire 
miles  from  Suult  Ste.  Marie.  These  ore  beds  are  of  late  discovery,  and  arrangemeoli 
are  now  being  made  for  their  development  The  mountain-range  containing  the  ore  ii 
elevated  900  feet  above  the  lake,  and  from  geological  evidences  it  is,  in  all  probabili^, 
.a  continuation  or  the  ores  of  Marquette,  on  the  western  shores  of  Lake  Superior,  siaee 
they  exist  in  the  same  lithological  strata,  and  on  the  strike  of  the  former  ore  beds.  The 
thickness  and  number  of  the  ore  beds  are  not  given,  but  they  correspond  in  oharaelei; 
quality,  and  quantity  with  the  ore  beds  of  Michigan. 

ORES  OF  THE  AZOIC  BELT  ON  LAKE  SUPERIOR. 

The  iron  ores  of  this  region  are  truly  wonderful  in  extent,  and  though  but  partisHj 
developed,  enough  ore  is  known  to  exist  to  supply  the  entire  demands  of  the  Uniied 
States — if  available — for  many  centuries  to  come.  In  fact,  the  ores  of  the  great  buiii. 
if  only  confined  to  the  Azoic  belt,  seem  to  be  on  a  scale  of  equal  magnificence  with  iti 
inexhaustible  beds  or  fields  of  coal.  But  when  we  come  to  consider  the  ore  depoeiti  of 
the  succeeding  rocks,  the  Valley  limestones,  the  Devonian  formations,  and  the  stratified 
beds  of  the  Carboniferous  periods,  we  may  be  surprised  at  their  combined  magnitude^ 
and  exult  in  the  future  greatness  to  which  our  cc%ntry  may  attain  with  such  ?f>liiFiitid 
resources  at  command. 

There  is  much  diversity  of  opinion  among  geologists  as  to  whether  the  great  magnetic 
deposits  should  be  denominated  veins  or  beds.  Some  contend  that  they  are  the  direct 
results  of  volcanic  agencies,  and  that  those  'Veins''  of  magnetic  ores  were  ejected  frOB 
the  bowels  of  the  earth  in  a  fluid  and  molten  state ;  while  others  contend  that  all  pro- 
ductive magnetic  ores  are  stratified  in  beds. 

It  is  scarcely  possible  that  we  could  expect  the  same  uniformity  of  strata  among  the 
deposits  of  the  Azoic  rocks,  which  are  often  distorted  and  recline  at  all  angles  in  reb* 
tion  to  superstructure  among  themselves.  But,  to  a  certain  extent,  it  appears  evidcnl 
that  most  of  the  productive  magnetic  mosses  are  the  results  of  precipitation,  as  described 
in  the  commencement  of  this  chapter ;  and  the  order  of  stratification  in  which  the  bcdi 
of  Lake  Superior  exist  seems  to  confirm  this  view. 

Figure  170  represents  the  order  in  which  the  ores  of  this  region  exist,  evincing  ti 
plainly  as  possible  a  uniform  stratification.  The  rocks  which  are  intercalated  with  the 
ores  are  of  volcanic  origin,  and  though  not  now  reposing  in  the  form  of  dikes,  thev  aie 
true  volcanic  rocks,  disintegrated  by  coming  in  contact  with  water  while  in  a  iMto 
condition. 


i.\w.  STTFXBIOB  KBQIOir,  oil 

It  may  be  notioed  that  tb«  orea  of  this  region  are  Tariona,  and  coonBt  of  black  oxidea, 
specular  ores,  red  oxides,  brofm  hematiteB,  Ae.    The  brown  bematitM  appear,  howeTor, 


olid*;  UiJuiwi  It,  gsBlia. 


to  be  the  upper  or 
and  the  contact  i 
eolution. 


B,  and  resulted,  undoubtedly,  from  the  ozidiiation  of  the  lower  ores, 
r  hot  water  holding  carbonio  acid  and  other  chemical  ageute  in 


T  the 


This  region  lies  in  the  Atoic  belt,  and  the  ore  beds  exist  In  its  upper  limita,  i 
base  of  the  PoOdam  sandstone,  the  position  being  geologically  and  lithologicallj  the 
same  aa  the  magnetic  range  of  North  Carolina  and  New  Jersey  and  ootomporary  witii 
the  same  belt  in  Missouri  and  Sweden. 


ABBA  OF  THB  mON  DEF08IT& 

"There  is  no  region  of  the  earth  irhere  the  orea  of  iron  are 
iuoh  grandoDT,  or  concentrated  in  s  state  of  such  polity,  as  on 
of  Lake  Superior.  Daneroora,  Nijny  Tagilsk,  Elba,  or  Hissouri  may  contain  isolated 
deposits  equally  rich ;  but  these  combined  would  occupy  a  mere  patch  on  tbe  surface 
over  which  the  orea  of  this  region  are  known  to  exist. 

"This  area  is  somewhat  irregolai  in  outline;  its  length  east  and  weet  is  150  miles, 
with  a  variable  width  north  and  aoath  of  from  6  to  70  miles;  but  tlie  greatest  concen- 
tration of  these  ores  thus  far  obeerred  ia  in  township  47,  north,  ranges  26,  27,  and  28 


GEOLOGY  OP  THE  IEO»  DISTBICT. 

"The  iron  region  consists  of  an  assemblage  of  rocks  of  various  kinds,  nch  as  orgillite, 
tatcose,  chlorite,  and  hornblende  schisto,  qoartiitee,  and  occasionally  dolomites,  all  of 
irhioh  are  supposed  to  be  of  metamorphio  ori^,  intermingled  with  rocks  whose  igne- 
ous origin  can  hardly  be  doubted,  consistiDg  of  the  various  compounds  of  felspar  and 
hornblende,  formiog  greenstone  or  dolomite;  or  where  silica  abounds,  forming  sienite, 
or  serpentine  where  magnesia  is  in  exoe«. 

"  The  region  is  bounded  both  on  the  north  uid  on  the  sonth  by  a  series  of  crystalline 
rooks  inwhich  granite  largely  predominates.  The  general  direction  of  the  fonnation 
is  east  and  west,  though  subject  to  minor  deviations;  and  the  oulminating  points,  which 
oonsist  for  the  most  part  of  greenstone,  attun  an  elevation  exceeding  1100  feet  above 
the  lake.  The  metamorphio  rocks  exhibit  a  regularly  contorted  structure,  and  wherever 
they  approach  the  purely  sedimentary  rocks  are  found  to  be  overlaid  by  the  Potsdam 
undstone,  whose  strata  repose  in  a  nearly  horisontal  position. 
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MODE  OF  OCCUBRENCE  OF  THE  IBON  0BB8. 

"  It  may  be  stated,  as  a  general  rule,  that  the  great  iron  deponts  of  the  district  ooev 
in  close  proximity  to  the  igneous  rocks, — ^mainly  greenstone.  This  rock  forms  nearly  all 
the  prominent  rocks  of  the  region,  not  in  continuous  ranges,  but  in  a  succession  of  dene* 
shaped  knobs,  while  the  iron  ores  repose  upon  their  sides  or  dip  beneath  their  baaei,  lo 
that  the  greenstone  appears  rather  in  the  form  of  intercalated  beds  than  as  wedge- 
shaped  masses. 

*'  The  whole  has  been  subjected  to  a  powerful  denudation,  and  the  greenstone,  being  the 
more  unyieldmg  rock,  has  been  left  in  the  form  of  knobs  or  of  ill-defined  ridges.  I  ctih 
not  recall  an  instance  where  it  forms  a  true  axis  of  elevation.  The  beds  of  iron  on 
often  attain  a  thickness  of  four  or  ^re  hundred  feet,  and  may  be  traced  longitadinsUy 
five  thousand  feet,  but  they  are  far  from  being  persistent  in  character.  The  qnartxoN 
material  so  abounds  that  it  is  only  in  pockets  or  lenticular  bands  that  the  highly-concen- 
trated ores  are  found.  This  is  seen  at  all  the  mines  which  have  been  extensivdj 
worked,  and  the  necessity  of  sinking  below  drainage  has  already  arisen,  and  preptn* 
tions  have  been  made  to  meet  it  by  driving  adits  and  erecting  pumping  machineiy."* 

CHARACTER  OF  THE  ORES. 

1.  Manganiie,  or  magnetic  oxide  of  iron, — No  mines  have  been  deTelf|>ed  of  this  ore; 
but  it  has  been  discovered  on  Lake  Machigummi  and  on  St  Clair  Mountain.  It  teeni 
to  belong  to  the  lower  beds,  and  is  naturally  the  last  to  be  developed. 

2.  Bed  hematites,  or  anhydrous  sesquioxide, — ^At  all  the  working  mines  we  meet  wA 
the  two  varieties,  specular  and  micaceous ;  and  in  most  specimens  can  be  detected  dit 
seminated  crystals  of  magnetic  oxide,  so  that  these  ores  are  in  fact  a  onion  of  the  two, 

3.  Broum  hematites,  or  hydrated  sesquioxide  of  tron.— These  ores  appear  to  oceapyu 
extensive  area,  and  to  form  part  of  the  rocky  structure  of  the  region,  but  exist  M  lb 
decomposition  of  the  ores  in  situ. 

The  above  are  the  principal  ores  of  this  region,  the  specular  being  included  irith  thi 
red  hematites.  That  these  ores  are  sedimentary  deposits  cannot  be  doubted:  tfaejMl 
only  exhibit  a  perfect  stratification,  but  present  anticlinal  and  synclinal  axes  and  foUi 
which  could  not  exist  in  beds  or  veins  of  igneous  origin.  Another  conclusive  fact  i^ 
that  much  of  the  specular  ore  contains  fragments  of  angular  jasper  in  the  shape  of 
breccia,  evidently  the  disintegrated  portions  of  trappean  rocks  which  were  predpititai 
with  the  ores  when  the  molten  mass  was  thrown  into  the  surrounding  vraters,  profing 
that  these  accumulations  of  ore-beds  and  intercalated  schist  owe  their  origin  to  local 
causes,  or  that  they  are  not  the  results  of  distant  formations,  but  that  they  are  trte 
beds  formed  by  the  flow  of  molten  lava  highly  impregnated  with  iron  into  the  wtten 
that  existed  around  and  perhaps  over  the  volcanic  vents,  as  described  in  the  oommeo* 
ment  of  this  chapter. 

PRODUCTION  OF  THE  BnNES.f 

'*  One-eighth  of  all  the  iron  now  made  in  the  entire  United  States  is  dug  from  ^ 
mines  of  Marquette  county,  and  yet  ten  years  ago  a  piece  of  Lake  Superior  ore  wiei 
curiosity  to  most  of  our  practical  metallurgists.  With  the  completion  of  the  Sanh  Ste. 
Marie  Canal,  which  was  opened  ten  years  ago  this  month,  the  projects  for  dere]o|^ 
the  iron-ore  trade  assumed  a  definite  shape.    The  few  tons  of  mineral  that  hid  bees 
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*  J.  W.  Fo«ter*8  Beport  to  the  Iron  CIMb  Oompany. 

f  Dr.  B.  H.  lAmbom*t  (Secretary  American  Iron  k  Steel  Ajeodation)  letter  to  the  New  Tork  Wkeea 
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rtod  aronnd  the  portage  at  the  month  of  the  lake  had  provan  its  Talae,  and  the  first 
ir  saw  1445  tons  sent  helow  for  smelting. 

"The  enlargement  of  the  trade  has  been  steady  and  rapid,  as  the  following  statement 
U  show: — 

''In  1855,  1446  tons  were  exported;  in  1856,  11,594  tons;  in  1857,  26,134  tons;  in 
%  31,135  tons;  in  1850,  65,679  tons;  in  1860,  116,940  tons;  in  1861,  45,430  tons; 
1862,  115,720  tons;  in  1863, 185,275  tons;  in  1864,  235,123  tons,^making  a  total 
834,534  tons,  which,  assuming  the  ore  to  yield  an  average  of  60  per  cent,  (the  stand- 
1  desired  by  the  shippers  is  a  yield  of  66f  per  cent  in  the  furnace),  would  give 
),750  tons  of  cast  iron.  The  deyelopment  of  the  manufacture  of  pig-iron  from  char- 
il,  in  the  county  of  Marquette,  has  been  even  more  remarkable,  as  the  difficulties  to 
encountered  in  building  large  structures,  erecting  new  machinery,  and  collecting 
Mssary  labor  in  a  distant  and  hyperborean  region  are  numerous  and  serious. 
**  The  earliest  iron  made  was  produced  directly  from  the  ore,  in  what  is  known  as  the 
talan  forge.  This  manufacture  was  commenced  in  1847,  by  Everett  &  Jackson, 
the  Jackson  Forge.  After  it  followed  the  Marquette  Forge,  then  the  Collinsville 
rge,  and  lastly  the  Forestville  Forge,  all  in  the  same  vicinity,  near  Marquette.  They 
ide  iron  with  more  or  less  success  for  a  few  years,  but  are  now  in  ruins,  or  so  greatly 
apidated  that  much  time  would  be  required  to  repair  them. 

'  The  production  of  pig  iron  from  charcoal  commenced  at  the  Pioneer  Works,  near 
I  Jackson  Mine,  in  1858 :  1G27  tons  were  sent  to  market  that  year.  This  manu- 
tore  has  increased  by  the  erection  of  new  furnaces,  until  at  present  the  Pioneer,  the 
Uinsville,  the  Forestville,  the  Morgan,  the  Northern,  and  the  Greenwood  Furnaces 
I  in  activity.  The  progress  of  the  trade  has  been  as  follows : — 
*hk  1858,  1627  tons  were  exported ;  in  1859,  7258  tons;  in  1860, 5660  tons;  in  1861, 
rO  tons ;  in  1862,  8590  tons ;  in  1863,  8908  tons ;  in  1864,  13,832  tons. 
''Up  to  the  end  of  1864,  therefore,  53,845  tons  of  pig  iron  had  been  sent  to  market 
m  Marquette  county.  By  comparing  the  production  of  this  region  with  that  of  other 
B  districts,  it  will  be  found  that  it  produced  in  1864  more  pig  metal  than  Connecticut 
BCassachusetts  in  the  same  year,  and  60  per  cent  more  than  New  York  in  1850. 
ekoning  ore  and  metal  together,  the  mines  of  Mar(][uette  threw  into  consumption,  in 
(4,  154,905  tons  of  metal,  or  three-fifths  as  much  as  the  total  pig-iron  production  of 
I  United  States  according  to  the  census  returns  of  1850,  and,  as  above  stated,  one- 
bth  of  all  the  pig  iron  produced  by  the  United  States  in  1864. 

*  Regarding  the  method  and  cost  of  mining  and  smelting  in  this  new  and  isolated 
;ion,  a  few  facts  will,  I  am  sure,  be  welcome  to  our  Eastern  makers,  as  well  as  to  that 
morous  class  of  Western  iron-masters  who  only  know  the  district  through  the  thou- 
ids  of  tons  of  rich  and  pure  ore  that  reach  their  furnaces  from  within  its  limits.  I 
ill  not  pause  to  discuss  the  interesting  geological  features  of  the  country  surrounding 
I  iron-beds,  nor  the  no  less  interesting  points  connected  with  the  genesis  of  the  ore 
sl(  but  will  proceed  at  once  to  a  consideration  of  the  economic  features  of  the  mining 
1  export  of  the  merchantable  mineral.  The  Jackson  Company,  which  exported  last 
ir  70,937  tons,  the  Cleveland  Company,  which  exported  58,838  tons,  and  the  Lake 
perior  Company,  which  exported  83,848  tons,  are  the  three  principal  companies  now 
operation.  The  Pittsburg  and  Lake  Angeline,  the  New  York,  the  Parsons,  and  the 
ffqnette  mines  have  sent  more  or  less  ore  to  market;  while  a  dosen  others  are  in  pro- 

*  of  development.  They  are  all  situated  in  what  is  known  as  the  Asoio  range ;  and 
«e  first  mentioned  are  between  14  and  17  miles  from  the  harbor  of  Marquette. 

*  The  total  quantity  of  ore  already  extracted,  chiefly  from  the  three  first  mines,  is  not 
I  than  925,000  tons :  yet  nothing  but  *  surface'  or  '  patch  work'  has  yet  been  done ; 
the  mineral  has  been  quarried  from  shallow  openings  in  the  sides  of  the  iron  hills ; 
pumping  machinery  has  yet  been  erected,  and  only  recently  have  aditi  fi>r  draina^ 
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been  begun.  The  smface-rock  indicates  in  many  points  that  bat  a  portidhi  of  the  moil 
easily  obtainable  ore  has  been  qoanied ;  and  it  is  safe  to  estimate  thai  sereral  milliooi 
of  tons  are  proren  to  exist  in  the  three  or  four  oldest  mines,  with  eyery  likelihood  of 
yast  quantities  in  the  beds  below  water-level.  In  addition  to  this  are  huudredf  of 
localities  where  iron  is  known  to  exist  in  a  belt  of  30  miles  in  length ;  and  at  more  tina 
a  dozen  localities  companies  have  been  formed  or  mines  commenced.  Great  skill  is 
not  necessary  in  working  these  ore  quarries.  The  operation  oonsists  in  blasting,  from 
a  ledge  of  ore,  large  masses,  which  are  subsequently  broken  into  fragments  by  othor 
blasts,  by  the  sledge,  or  sometimes,  in  the  most  refractory  cases,  by  means  of  a  fire  of 
huge  logs. 

'*  At  the  Jackson  mine,  a  hole  18  feet  in  depth  and  2  inches  in  diameter,  loaded  in!k 
powder  and  exploded  last  March,  brought  down  4000  tons  of  ore.  The  holes  are  ill 
bored  with  good  steel  drills,  managed  by  two  strikers  and  one  turner.  The  fragments 
of  ore  are  loaded  into  one-horso  carts,  hauled  a  few  hundred  feet  to  the  railroad,  thrown 
into  six-ton  four-wheel  cars,  and  carried  to  the  wharves  at  Marquette,  where  they  sit 
unloaded  into  pockets,  or  hoppers,  or  shutes,  and  thence  into  the  vessels  that  transport 
them  to  the  furnace  on  the  lower  lakes,  or  are  transferred  by  wheelbarrow  from  ths 
hoppers  to  the  vessels  or  steamboats.  The  laborers  at  the  mines  receive  $2  per  day, 
work  ten  hours,  and  pay  $20  per  month  for  their  board.  The  average  product  of  eadi 
laborer — including  all  whose  names  are  on  the  pay-roll, — ^miners,  drivers,  trackmen, 
repairers,  Jbc. — is  2  to  2}  tons  of  ore  per  day  per  man.  In  some  cases  an  average  of  firs 
tons  per  day  per  man  has  been  taken  out  by  a  small  gang.  91  cents  per  ton  freight  it 
paid  on  the  railroad  to  Marquette,  and  the  price  of  ore  on  the  vessels  is  now  $5  per 
ton." 

We  might  trace  the  Azoic  belt  around  the  great  Appalachian  basin,  by  continuing  it 
from  Michigan  into  Wisconsin,  where  the  Lake  Superior  ores  seem  to  exiat  in  peihapi 
equal  bulk;  but  for  all  practical  purposes  in  this  connection  it  vrould  be  a  usdcM 
expenditure  of  time  and  space.  The  data  at  command  is  limited ;  and  the  region  abook 
the  Rocky  Mountains,  and  the  continuation  of  the  gneiss,  are  more  the  subjects  of 
speculation  than  scientific  discovery. 

There  are,  however,  several  important  outcrops  or  anticlinals  of  the  Azoic  rt)cks  within 
the  area  of  the  PalsDOzoic,  and  which  are  even  encircled  by  the  coal  fbrmaUona  of  the 
West. 

The  Azoic  rocks  of  Missouri,  containing  her  immense  deposits  of  iron  and  copper, 
belong  to  these  isolated  groups  of  gneissio  and  volcanic  rocks,  and  do  not  belong  to  the 
Azoic  belt  surrounding  the  Palseozoic  rocks  of  the  great  basin  which  we  traced 
North  Carolina  or  Georgia  to  Wisconsin,  in  following  the  metallic  ranges  of  that 
tion. 

IRON  MOUNTAIN. 

if 

The  celebrated  Iron  Mountain  of  Missouri  is  the  southwestern  termination  of  a  |ii|^ 
phyritic  ridge  of  from  300  to  400  feet  elevation.  The  front  or  end  of  this  ridge^  lA/tt 
is  about  200  feet  high,  is  covered  with  loose  fragments  of  peroxide  of  iron,  imhfl<Mit^| 
red  clay.  This  bed  of  loose  oxidized  ore  is  about  15  feet  thick  towards  the  top  of  lli 
hill,  but  evidentiy  increases  in  thickness  and  solidity  towards  its  foot.  The 
ores  arc  found  at  a  considerable  distance  from  the  base  of  the  mountain,  and 
exist  beneath  it.  An  artesian  well  was  lx)red  150  feet  deep  into  these  ores.  The  flnl  IS 
feet  was  through  loose  ore  and  clay,  the  next  34  through  beds  of  sandrook,  folloired  lijf 
thin  bands  of  limestone,  quartz,  and  sandstone,  and,  at  the  depth  of  89  feet,  by  a  bed 
of  pure  ore  5  feet  thick.  Below  this  was  found  7  feet  of  porphyritic  rock,  followed  liy 
50  feet  of  solid  ore  to  the  bottom  of  the  well,  which  did  not  pass  through  the  bed.  Iti 
total  thickness  is,  therefore,  not  known. 
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le  aiuJjMa  of  a  ■peoimMi  bj  Dr.  Litton,  of  ths  MiMoori  State  Sorrej,  g&Te:— 


■    99.83 
100      Uet&Uid  iron,  6B.5& 


PILOT  KNOB. 


About  tax  mitei  to  tbe  math  of  Iron  Motintsin  is  I^lot  Koob,  whieli  ii  on  isolated 
K*k  or  knob  about  580  feet  in  elevation  aboTS  the  plaio,  and  about  11,000  feet  above 
)L  Lonii,  The  rocky  itrata  of  Pilot  Knob  is  a  dark,  ailicions  slate,  distinctly  bedded, 
md  dipping  nnifonnlj  to  tbe  south  at  au  angle  of  25°  or  30°. 

Tbe  qaarti  predotninates  nearly  two-thirde  of  the  distanoe  from  the  base  ap;  but 
ktwn  that  to  the  summit,  iron  is  found  in  heavy  beds,  alternating  nllh  silicious  matter. 
ieut  of  these  beds  are  very  thick,  and  consist  of  pure  micaceous  and  specular  ore, 
rhioh  shows  a  slaty  structure,  while  that  of  Iron  Mountain  is  without  cleavage. 

The  other  localities  at  which  ore  is  found  in  this  Tef;ioD  are  Little  Mountain,  near 
niD  Honntain,  and  Shepherd's  Mountain,  near  the  Knob;  while  the  "Bogy  Bank" 
ud  Rassell  Bank  pinduces  good  ore. 

An  analysis  by  Dr.  Litton  of  the  ore  from  Pilot  Knob  gave : — 


Peroxide  of  iron. _.._ 86.07 

99.71    UetaUe  iron,  60.27. 

It  will  be  observed  from  tbe  fbregolng  deeoription  that  these  celebrated  iron  mono- 
lUMU  are  not  all  iron,  as  man;  suppose,  and  as  might  be  imagined  from  the  tenor  of  the 
DMOuri  State  Reports ;  perhaps  leas  than  one-tenth  of  the  bnlk  of  those  mountains  is 


lid  or  Taluable  ore ;  but  even  nnder  snob  a  limited  estimate  the  amount  of  available 
a  in  these  celebrated  deposits  is  practically  inexhaustible,  and  is  sufficient  te  supply 
«  iroD  indnstiy  of  Missouri,  and,  in  fact,  a  great  portion  of  the  West,  for  ages  to  come. 
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withoot  nferenoe  to  the  Iftrge  unount  of  brown  hematite  and  other  orea  which  u* 
■ottersd  thioagh  this  re^oo. 

"Themonntun-mBSHeiof  Miitaouri  have  pre-etuinentlj  the  ernptiTO  character,  uidue 
UMciated  with  rookB  which  have  alnays  be«n  considered  as  of  utiaiistakable  emptire 
origin.  The  iron  region  of  Lake  Superior,  which  is  even  more  eiteDBire  and  mora 
abundant  in  oreg  than  that  of  Missouri,  !■  another  instauoe  of  the  Tast  derelapment  of 
these  ores  in  the  Azoic. 

"In  the  Stale  of  New  Yorli,  in  tbe  same  geological  position,  wa  find  the  aame  oeem- 
rence  of  the  specular  and  magnetic  oxides,  and  almost  rivalling  with  those  of  the  rtgioni 
juat  mentioned  in  magnitude  and  inporlauco.  Here,  however,  the  CTidences  of  direct 
eruptive  origin  are  perhaps  less  oonspicuouB,  and  the  deposits  seem,  in  many  cases  at 
least,  to  exhibit  the  appearance  of  a  secondary  action  tiAving  taken  place  aince  their 
original  formation.  In  this  region  these  ores  have  in  their  mode  of  occurreuoe  the  moit 
striking  analogy  with  those  of  Scandinavia.  Like  them,  they  generally  coincide  in  the 
strike  of  the  rocks  in  which  they  are  enclosed,  forming  lenticular  or  flattened  cylinder 
shaped  massea  intercalated  in  the  formation.  The  enclosing  rocks  are  aimilar  in  cha- 
racter to  those  of  Sweden :  they  are  gneiss,  quartiose,  and  hjperathcnio  rocks.* 

"Although  the  ores  of  the  Azuic  have  not  always  a  purely  igneous  origin,  yet  even  ti 
these  cases  where  they  hear  the  most  evident  marks  of  having  been  deposited  in  Mt 
parallel  with  the  formation,  with  the  presence  of  water,  we  must  acknowledge  that  pn- 
existing  eruptive  masses  may  have  furnished  the  material  from  which  they  were  dfiived. 
That  the  Azoic  period  was  one  of  loDgH»>ntiuued  and  violent  action  cannot  be  doabted; 
and  while  the  deposition  of  the  stratified  beds  was  going  on,  volcanic  agencies,  eon- 
bined  with  powerful  currents,  may  have  abraded  and  swept  away  portione  of  the 
erupted  ferriferoua  masses,  rearrangiog  tiieir  particles  and  depositing  them  again  in  tht 
depressions  of  the  strata.  This  seems  the  most  probable  origin  of  some  of  those  lenlieBlsi 
beds  parallel  with  the  stratification,  where  it  is  difficult  to  conceive  of  a  fissnie  alwajl 
coinciding  with  the  line  of  strike  of  the  formation,  and  where  the  mechanical  erideBHi 
are  wanting  of  the  thrusting  up  of  such  masses  of  matter,  which  we  know  oould  not  ban 
taken  place  without  many  dislocations  of  the  Burrounding  rocks  which  irould  have  vide 
tbemselTes  very  BppareDt."t 

•  Tb«w  OTM  v«n  Dotlctd  under  the  hod  of  Nn  York,  puttoolulj  In  MDMCtloD  with  Um  Btarilof  Mooatth 
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CHAPTER   XXVII. 

£BON  OBES  OF  THE  PAUEOZOIC  FORMATIONS. 

OkM  of  tlM  Lower  SUnrlan  RockB— The  Great  Valley  Limestone  Range— Neeti,  Beds,  FTaeures,  and  Basins  of  Ora 
—Prominent  Localities  of  Brown  Hematite— Mount  Polk  Furnace,  Alabama— Round  Mountain— Rtowab  Ore- 
Banks— Chattanooga— Lonachucky— New  River  Ore-Bank— Laurel  Dal»— The  Blue  Ridge— Clover  Dale— Gun- 
Metal— Ores  of  the  South  Mountain— The  Lron  Hills  of  Cornwall- Theories  of  Formation— Formation  of  Brown 
Hematitea— Extent  and  Availability  of  the  Brown  Hematites— The  Stratiflod,  or  Sedimentary  Ores— Ozidixed 
Outcrops— Ores  of  Cambria  and  Danville— Ores  of  the  Coal  Measures— Analysis  of  the  Ores  of  the  Coal-Fields. 

The  ferriferous  region  which  we  propose  to  describe  under  this  head  lies  principally 
in  the  limestones  and  slates  of  the  Great  Valley  range,  between  the  Blue  Ridge  and  the 
All^hany  Mountains,  or  the  brown  hematite  region,  between  the  rotsdam  and  Medina 
HUidstones  and  the  stratified  ores  of  the  Carboniferous  formations,  but  inclusiye  of  the 
beds  lying  intermediate  or  in  the  Devonian  rock. 

The  Yidley  range  is  the  great  region  of  brown  hematites,  and  embraces  generally  the 
Primal  slates,  the  Auroral  and  Matinal  limestones  of  Rogers,  or  the  Hudson,  Trenton, 
Ghaiy*  and  Galciferous  limestones  of  the  New  York  geologists,  and  the  Galena  and 
Caleiferous  limestones  of  the  West 

These  rooks  have  a  wide  distribution,  and  are  only  separated  from  the  Azoic  by  the 
Botodam  sandstones  in  the  East,  and  probably  a  lower  formation  of  fossiliferous  strata 
in  the  West,  resulting  from  the  comparative  quiet  and  low  temperature  that  existed 
there,  in  comparison  with  the  violence  and  heat  of  this  period  in  the  East  as  before 
itftted.  These  formations,  therefore,  follow  closely  the  Azoic  belt,  but  on  interior  lines, 
and  they  are,  consequently,  of  more  limited  extent,  but  form  the  base  of  the  vast  Palae- 
ozoic formation  filling  the  great  basin ;  and,  since  they  are  from  one  thousand  to  five 
thousand  feet  in  thickness,  the  area  occupied  by  these  limestones  is  not  only  extensive, 
but  widely  distributed. 

Starting  from  the  alluvial  deposits  of  the  Gulf,  they  traverse  the  northeastern  part 
of  Alabama,  the  northern  part  of  Georgia,  and  form  the  beautiful  and  productive  val- 
leys of  East  Tennessee ;  the  great  Valley  of  Virginia  through  that  State,  from  Bristol 
in  the  southwest  to  Harper's  Ferry  on  the  Potomac;  the  rich  Cumberland  Valley  in 
Maryland  and  Pennsylvania,  and  the  magnificent  regions  around  Harrisburg,  Lebanon, 
Reading,  AUentown,  and  Easton ;  through  the  northwest  comer  of  New  Jersey,  and 
by  the  valleys  of  the  Hudson  River  and  Lake  Champlain  through  New  York  into 
Canada;  and  thence,  ascending  the  St  Lawrence,  skirts  the  north  shores  of  Ontario, 
and*  passing  through  the  Georgian  Bay  of  Lake  Huron,  sweeps  round  the  north  and 
west  sides  of  Lake  Michigan,  and  pursues  a  nearly  west  course  through  Wisconsin  to 
the  Mississippi.  The  granitic  and  gneissic  mountain-regions  of  Northern  New  York  are 
thus  placed  inside  of  this  limestone  belt;  but  this  may  be  explained  by  the  fact  that 
the  Palaeozoic  limestones  and  slates  divide  to  the  south  of  this  gneissic  elevation  and 
pass  around  it  to  the  eastern  shores  of  Ontario,  thus  encircling  this  isolated  Azoic  for- 
mation by  the  later  Palaeozoic  strata. 

Those  eastern  and  northern  outcrops  of  these  rocks  are  well  defined  and  of  great 
thickness  and  extent.  The  western  margins  are  not  so  clearly  shown;  their  outcrops 
are  thin,  indefinite,  and  but  seldom  seen.  Several  anticlinal  axes  of  the  lower  Pal8&- 
oioio  strata  arise  within  the  Great  Basin.    One  trayerses  Middle  Ohio»  Kentucky,  and 
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TenneBiee,  between  the  Alleghaoj  end  Centre!  coal-fieldi,  end  ipreads  weet  aroBad  tn 
enutbem  end  of  the  coal  fonndliona  in  Misnouri,  encircling  the  Aioic  rockaof  tlw  Outk 
Mountains,  and  bounding  tbe  Wnshica  11111b  in  Arkaneae  and  tfae  granite  peek  of 
Central  Texas;  while  nitliin  tlie  Eastern  Appalachian  cbain  eeveral  aoticUnali  of  ^ 
limestone  appear  in  Pennaflvania  and  Virginia. 

IBON   ORES   OF   THE   QREAT.  VALLET   RAKOE. 

As  bcrore  observed,  this  is  the  great  region  nf  the  brown  hematites,  or  the  hjdntd 
peroxides  ot  iron.  These  ores  were  not  formed  in  the  manner  of  the  Aioic  ma^etie 
and  specular  ores.  Thcj  are  never  fband  in  strata  or  intercalated  with  the  limMkoa 
and  slates  in  or  on  which  thej  exist,  bat  are  invariably  formed  in  bunches,  "neeti,"iR 
irregular  masses,  in  the  hollows  and  crevices  of  tbe  limestones,  or  in  the  Mft  dni 
which  border  the  outcrops  of  the  lime  against  the  sandstones  and  slates,  both  to  tht 
east  and  west  of  the  valley. 

The  eastern  side  of  the  vallej,  or  where  the  limestones,  slat«i,  and  shales  are  itnli- 
fled  on  the  Potsdnm  sandstone,  is  its  most  persistent  bed;  and  here  majbefboBd* 
range  of  bmwn  hematites  which  extend  from  the  Chattahoochee  in  Alabama  to  b 
Lehigh  in  Pennnjlvania,  and  how  far  beyond  may  be  inferred  from  the  extent «/ lie 
formation.  But  between  the  points  named  the  writer  is  familiar,  and  states  thebHi 
from  practical  eonrrex.  This  range  of  ore  is  persistent,  and  may  be  found  at  any  peiit 
within  the  distance  named,  but  it  is  developed  in  far  greater  abundance  at  sotne  poiiti 
„       _.  than  others.  Through  Tennessee  and  Virginia  it  end 

in  an  almost  unbroken  line,  but  made  up  of  constasih- 
changing  depoeits.  Here  we  may  Bnd  a  thin,  irrcgoki 
stratum  of  ore  imiiedded  in  clay,  there  a  monslu 
mass  of  moss-grown  rocks  of  inm ;  here  a  mere  ittiiii 
of  ore,  or  simply  red  or  ochry  clay,  and  there  a  «» 
cession  of  ''nests"  distributed  without  strike  ot  M» 
formity. 

On  the  higher  grounds  of  Southwe«tem  Tirginii,!! 
Pulaski,  Wythe,  and  Smyth  counties,  this  ore  praMsM 
a  partially  stratified  appearance,  and  exists  in  immcBa 
beds  lying  in  the  clays,  which  always  accompany  ili 
but  never  eb-atified  between  other  rocks.  We  have  never  seen  sandstones  or  slate*  ortr 
lying  it,  except  where  the  contractions  of  tbo  acoompanying  rocks  have  forced  tlKD- 
selves  over  it  in  inverted  form. 

On  the  northwest  side  of  the  valley  this  form  of  structure  or  deposit  is  not  so  pniiu- 
nent  though  the  same  character  of  nests,  benches,  and  maasos  is  found.  The  dirtn- 
bution  is  not  so  general,  and  the  amount  of  ore  is  much  more  limited.  It  is  sometiDH 
firand  as  the  nxidiied  outcrops  of  ferriferous  slates,  or  in  a  stratum  on  or  between  dii 
bands  of  limestones,  sandstones,  and  shales;  but  these  deposits  are  limited  and  birt 
but  little  depth. 

In  addition  to  those  two  general  ranges  of  ore,  we  Snd  deposits  of  this  hematite  wit- 
tered promiscuously  through  the  volley  from  edge  to  edge, — in  some  places  assainioi 
the  shape  of  ridges  and  hills;  in  Others  we  And  it  deposited  in  the  hollows  or  crei^rts 
of  the  limestones;  sometimes  lying  against  the  face  of  sandstone  rooks  which  trannt 
the  valley,  and  in  so  many  other  forms  that  it  would  be  tedious  to  deeeribe  them. 

These  deposits  are  never  deep.     They  are  always  found  in  bunches  or  shallow  taaioi 
in  the  soft  clays  which  fill  the  depressions  of  the  limestones,  and  on  or  between  lb 
rocks  without  regard  to  eonformability. 
Though  the  Atoio  belt  contains  an  incolonlable  amount  of  iron  ore,  and  noiintsi* 
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«xut  iritidi  wonld  wem  niffldeDt  to  Buppl;  the  wa&tt  of  the  world  for  diooaandB 
s,  we  haiard  nothing  in  Htating  that  more  aTailable  ore  exists  in  thU  pknllel 
ftom  AUbama  to  Lake  Superior,  than  exisie  in  that;  and  that  the  brown  oxidos 
limeitouee  are  more  than  equal  in  quantity  and  qnality  to  the  magnetic  and 
t  (wea  of  the  gneisa. 


PBOHIHENT  LOCALITIES  OF  THB  BEOWN  HEMATITES. 

ilukll  not  be  able  to  name  but  a  very  few  of  the  many  prominent  looalltiee  where 
I  eziBts  in  large  bodies. 

labama,  the  Carboniferous  or  mountun  HmeBtone  approach  bo  near  the  Silurian 
nd  the  falley  UmestoneB,  and  their  ores  are  bo  Bimilar,  that  we  shall  make  no  dis- 

OTw  found  at  Bed  HiU,  on  the  southern  edge  of  the  All^hanj  ooal-field,  and  in 

item  portion  of  the  State,  belong  to  the  Carboniferous  limostones.    It  is  rich,  and 

a  great  quantiticB.    That  at  Selby  county,  at  Columbiana,  and  elsewhere,  is  in 

orian.    These  orea  are  extremely  rich,  and  yield  about  60  per  cent,  of  metal  in 

nace. 

he  HoDVT  Polk  Fdinacb,  in  Benton  county,  we  examined  several  large  masses 

ore  that  may  literally  be  called  mountuns,  and  whioh  oontain,  probably,  as 
a«  as  the  &maus  iron  mountains  of  Missouri.  ScTeral  varieties  exist  there: — 
laet,  lastrona,  and  crystalline  ore,  used  in  the  bloomeries  for  the  production  of 
>t  iron  direct;  a  loose,  gravelly  ore,  made  up  of  solid,  angular  frmgmentB,  and 
balls,  or  "geodes"  of  every  site  and  form;  a  hard,  porous,  or  fibrous  ore,  which, 
I  extremely  rich,  melted  easily  and  made  exoellent  iron,  and  a  yellow  oxide,  or 
uore. 

lis  Tlqinity  there  are  aeveral  valuable  "ore-banks,"  or  deposits  of  brown  bema- 
.d  also  a  fossUiferous,  red  oxide,  which  exists  in  Bb«t*,  and  produoee  an  exceUeut 

iron  from  the  blast-fumaoe. 

Coosa  coal-field  lies  about  ten  miles  from  these  deposits.    The  ooke  produced 

he  ooal  of  the  upper  portion  of  this  field  is  extremely  pure,  and  productive  of 

oft  iron  from  the  cupola  or  the  furnace. 

be  Blue  Modntain  Iron  Works,  and  in  the  vicinity  of  Talladega  and  Qadaden, 

a  some  extensive  and  valuable  ore  banks  of  both  brown  and  red  oxides. 

be  Round  Mountain  Iron  Works  we  find  the  foauliferous  red  oxide  (a  lentionlat 

led  eicluaively. 

ore  alwaya  exista  as  a  bed,  but  alvrays  as  the  npper  formation,  and  resting  on 


idstones  of  the  Devonian  series,  if  we  mistake  not,  though  resembling  verjneu'lj 
M  of  Montour,  in  Fennsylvania,  though  richer  and  softer.    But,  as  all  theaa  ecea 
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lie  on  the  faoe  of  the  hills,  or  have  but  little  stradiled  covering,  thej.are  natuiDj 
highly  oxidised  and  soft. 

The  strata  dip  in  the  Round  Mountain  to  the  northwest  at  an, angle  of  about 45^ 
The  upper  face  of  the  mountain  is  covered  some  ten  or  twelve  feet  deep  with  the  on, 
but  towards  its  base  it  runs  uuder  the  cover  of  the  slates,  sandstones,  and  limeBtoiiei^ 
which  basin  at  no  great  depth ;  the  opposite  outcrop  has  not  been  discovered.  Keir 
this  point,  a  short  distance  above,  and  about  thirty  miles  below  Rome,  are  the  Cobv- 
WALL  FuRNACKs  of  the  Messrs.  Noble,  operating  on  this  fossiliferons  red  oxide  and  dui' 
coal, — as,  in  fact,  all  the  furnaces  of  Alabama  are  worked.*  The  ore  in  this  localitj 
is  very  extensive,  and  productive  of  excellent  iron.  This  range  of  red  oxide  maj  be 
traced  for  a  hundred  miles  on  the  west  bank  of  the  Coosa,  with  but  little  interraptioo, 
except  where  denuded.  We  presume  it  to  be  coextensive  with  the  Eastern  Appalachian 
chain ;  but  nowhere  is  it  so  largely  developed,  or  so  productive,  as  in  Alabama.  In  the 
vicinity  of  Rome,  Georgia,  and  the  mountain  ranges  to  the  east  of  the  Lookout,  from  the 
Coosa  to  the  Tennessee,  are  numerous  and  extensive  deposits  of  both  brown  and  red 
oxides. 

At  the  Etowah  Iron  Works,  between  Kingston  and  Atlanta,  extensive  ore  banks  are 
developed  in  the  **  eastern  range"  on  the  edge  of  the  valley.  These  ores  are  browi 
hematites  exclusively,  and  partake  of  the  character  of  this  range,  generally.  From  this 
point  to  Jonesboro,  in  East  Tennessee,  these  ores  exist  at  intervals  in  every  hill-side  and 
ridge  projecting  from  the  western  foot  of  the  Blue  Ridge,  and  in  the  eastern  edge  of  the 
valley.  At  some  places  they  are  developed  in  masses,  and  all  points  more  or  leas  avail- 
able ore  exists. 

In  the  vicinity  of  Chattanooga,  and  in  North  Georgia  generally,  vast  beds  of  hrowi 
oxide  and  fossiliferons  red  oxide  are  found,  and  used  to  a  considerable  extent. 

At  the  LoNACHucKv  Iron  Works,  some  eight  miles  east  of  Jonesboro,  the  brown 
hematites  of  the  Eastern  range  are  developed  in  immense  deposits,— -consiating  of  denie 
and  massive  conchoidal,  or  'Miver  ores,"  porous,  or  fibrous  ores,  and  yellow,  or  odireoiii 
ores.  These  works  have  been  in  operation  for  nearly  fifty  years,  though  idle  at  ia- 
tervals ;  and  while  all  the  near  or  available  timber  has  disappeared,  no  impression  hai 
been  made  on  the  ore. 

From  this  point  to  Marion,  in  Smythe  county,  Virginia,  the  Eastern  range  of  ore  may 
be  traced  in  almost  unbroken  beds  or  deposits;  and  from  Marion  to  the  ''Old  Lead 
Mines,"  in  Wythe  county,  the  ore  is  found  in  immense  masses,  and  generally  in  the 
form  of  a  stratum  of  almost  solid  ore,  which  has  a  clean,  smooth  fracture;  is  hard,  yet 
brittle;  dense,  yet  not  refractory,  and  is  extremely  pure  and  productive,  and  has  been 
extensively  used  in  the  bloomerics  or  Catalan  forges  for  the  production  of  wrought  or 
bar-iron  direct.  In  the  vicinity  of  the  lead-mines,  in  Wythe  county,  are  aeveral 
furnaces  which  have  been  in  operation  some  thirty  years  or  more,  and  which  haie 
realized  fortunes  for  their  proprietors.  But  they  do  not  all  obtain  their  supplies  from 
the  Eastern  range.  David  Graham's  New  River  furnace  is  supplied  from  crevices  in 
the  limestones,  and  shallow  deposits  on  the  face  of  the  ridges;  but  the  amount  aodia- 
tributed  is  inexhaustible  as  the  supply  of  a  single  furnace. 

North  of  this  point,  in  Pulaski  county,  are  the  ore  banks  of  the  Laurkl  Daue  Iron 
Company.  This  deposit  is  massive  in  structure,  and  irregularly  stratified  in  the  »ft 
clays  which  lie  at  the  base  of  the  Blue  Ridge,  or,  more  properly,  the  ridges  which  pro- 
ject from  its  western  slope.  All  through  Pulaski  and  Montgomery  counties  this  range 
may  be  traced  with  almost  unbroken  ledges  and  masses  of  ore  along  the  Bine  Ridge. 
But  at  this  point  a  greater  development  of  ores  has  taken  place  than  elsewhere  in  the 
valley,  as  far  as  our  experience  goes. 


^  With  cbarcoftl. 
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THE  NEW  RIVER  ORE-BANKS. 

Hot  only  on  both  bonks  of  the  New  River  are  the  brown  oxides  of  the  limestones 
Igand,  bat  the  red  and  brown  oxides  of  the  copper-region  are  also  penetrated  bj  this 
■tnam.  It  runs  for  fiftj  miles  through  the  rich  limestone  yaliey,  abounding  in  iron 
tad  leftdf  and  then  enters  th6  Azoic  formations  to  the  east,  formerly  described  in  this 
QOBiieoiion,  where  immense  masses  of  red  and  brown  ores  exist.  Below  the  valley,  or 
wtl  of  the  valley  limestones,  the  river  enters  the  mountain-ranges  of  the  formations 
Oftrlying  the  Matinal.  These  mountain-ranges  are  made  up  of  heavy  sandstones, 
ilatea,  and  limestones,  and  contain  numerous  masses  of  brown  ores,  as  developed  in 
Oilea,  Craig,  Monroe,  Alleghany,  Mercer,  and  Tazewell  counties. 

These  ores  may  not  be  of  any  great  value  for  the  production  of  iron  locally,  because 
the  timber  to  produce  charcoal  will  not  be  adequate  or  in  proportion,  though  the  moun- 
tun  or  Azoic  region  in  Floyd,  Carroll,  and  Grayson  counties  is  almost  an  unbroken 
primeval  forest;  and  the  counties  before  named,  to  the  west  of  the  valley,  also  possess  an 
ibundanoe  of  timber ;  but  these  resources  are  insignificant,  when  compared  with  the 
iWDiirceB  of  this  region  in  iron  ores. 

Bat  the  Alleghany  coal-field  is  in  available  proximity,  and  the  ooals  of  the  Great 
Kftnftwha  and  the  ores  of  the  New  River,  in  Virginia  and  North  Carolina,  are  both  on  a 
aoftle  of  equal  magnitude.  We  will  not  exaggerate  if  we  compare  the  resources  of  tho 
Kanawha  in  this  respect  to  the  most  favored  localities  in  Pennsylvania,  not  even  except- 
ing the  Lehigh  region,  with  its  coal  and  iron.  The  only  requirements  are  enterprise 
and  capital  to  develop  these  resources  and  to  combine  the  coal  and  the  ores  by  raiL 

IRON  ORES  OF  THE  BLUE  RIDGE. 

From  this  point  north  the  Blue  Ridge  will  be  recognized  as  a  common  name.  South 
of  the  New  River  it  is  known  by  various  names,  and  the  name  has  even  been  applied 
Id  the  eastern  mountain-ranges  in  North  Carolina. 

The  pioneers  of  North  Carolina,  approaching  these  ranges  from  the  east,  might  well 
mistake  these  Azoic  mountains  for  the  Blue  Ridge  of  Virginia,  since  both  topographi- 
cally and  geologically  the  eastern  side  of  one  resembles  the  other.  But  the  Potsdam 
sandstone  forms  the  highest  elevations  of  this  mountain-range,  if  we  except  the  granite 
peaks  to  the  east,  and,  as  this  rock  underlies  the  limestones  and  follows  them,  the  Blue 
Bidge  proper  must  be  parallel  to  the  valley. 

The  ores  of  Laurel  Dale,  just  alluded  to,  lie  in  the  ridges  projecting  from  this  monn- 
lain  and  in  the  eastern  range  of  brown  hematites.  From  this  point  in  Pulaski  county 
to  Botetourt  county,  this  ore  has  not  been  practically  developed,  but  evidences  of  its 
OKiatence  are  plentiful  along  the  entire  line.  At  the  Clover  Dale  furnace  in  the  latter 
ooonty,  it  has  been  in  use  for  over  thirty  years  for  the  production  of  gun-metal,  which 
has  snpplied  the  Bellona  and  Tredegar  gun-foundries  since  their  establishment  for  the 
■lanufacture  of  most  of  their  guns.  During  the  rebellion  it  was  in  full  blast,  and  we 
understand  several  furnaces  in  the  vicinity  were  repaired  and  put  in  operation,  while 
other  new  furnaces  were  built 

sun  further  north,  on  this  range,  is  Glenwood  fnmace,  which,  however,  does  not 
produce  the  best  iron,  on  account  of  some  impurity  of  the  ore.  But  near  this  point, 
and  north  of  the  pass  through  the  Blue  Ridge,  where  the  James  River  leaves  the  valley, 
ire  the  "  North  River  ore-banks,"  which  supplied  the  Westham  furnace  with  most  of 
its  ore.  The  deposits,  however,  are  limited,  and  the  "nests"  irregular,  but  the  ore  is 
fory  good,  and  may  be  traced  in  unbroken  lines  to  the  Buena  Vista  furnace,  some 
twenty  miles  further  to  the  north.  Occasionally  this  ore  is  mixed  with  manganese,  and 
from  the  pass  of  the  James  River  to  the  head  of  the  Shenandoah  streaks  of  this  mineral 
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exist  parallel  with  the  ore.    In  some  places  it  is  found  in  large  quantities  to  the  injvj 
of  the  iron. 

From  the  Buena  Yista  furnace,  in  Rockbridge  county,  to  Harper's  Fetij,  thif  nage 
of  ore  has  been  worked  at  various  places;  but,  on  account  of  the  ecarcitj  of  the  timba; 
moat  of  these  old  ore-banks  are  now  abandoned.  Still  the  ore  exista,  and  in  fixroNr 
times  large  quantities  of  iron  were  produced  by  the  furnaces  in  this  part  of  the  TiOej. 

We  cannot  mention  all  the  localities  in  the  valley  of  Virginia  where  the  bitnrD 
hematites  exist  in  prominent  masses,  but  may  state  that  on  both  sides  of  the  villcy. 
and  at  many  points  in  its  interior,  large  and  valuable  deposits  have  been  prseticallT 
developed.  We  may  name  those  at  the  Roaring  Run  furnace,  Etna,  Yesaviiis,  Coto- 
paxi,  Cliffton,  Dolly  Ann,  dbc.  Ac. 

ORES  OP  THE  SOUTH  MOUNTAINS. 

These  mountidns  are  a  continuation  of  the  Blue  Ridge  of  Yirginia»  in  the  same  geo- 
logical formations  and  with  the  same  ores ;  but  hero  the  Primal  slates  and  sandstcmei, 
including  the  Potsdam,  are  repeated  and  undulated  in  folded  axes.  The  range  of  the 
valley  limestones  through  Maryland  is  limited  to  a  narrow  strip,  but  the  same  htbo- 
logical  structure  is  maintained,  and  the  same  ores  in  the  same  geological  position  tre 
found  corresponding  with  those  before  described.  We  may  here  remark  that  the  esitem 
range  is  not  in  the  valley  limestones,  but  rather  on  the  Primal  rocks  bordering  this  lide 
of  the  valley. 

As  before  noticed,  the  eastern  range  of  brown  hematites  frequently  develops  in  krp 
masses  or  deposits  on  the  western  flank  of  the  Blue  Ridge.  The  South  Mountaisi  ire 
formed  by  an  enlargement  or  spread  of  the  Blue  Ridge  range,  which  bends  to  the  week 
through  the  Cumberland  and  Lebanon  Valleys,  forming  a  orescent,  with  ito  homt  il 
Harper's  Ferry  and  Reading,  and  its  radius  at  the  South  Mountains. 

The  South  Mountain  "ore-banks''  are  about  the  centre  or  most  western  point  of  ibe 
bend,  and  among  the  ridges  or  Silurian  hills  which  flank  the  western  sides  of  the  Axoie 
mountains.  On  the  opposite  or  eastern  flank  are  the  magnetic  ranges  before  described, 
but  here  concealed  by  the  Mesozoic  sandstones,  which  are  pieroed  by  the  trappean  rocks 
peculiar  to  the  Azoic,  which  the  Mesozoic  conceals. 

The  ore  is,  we  believe,  entirely  brown  hematite,  but  diversified  by  the  varieties  whidi 
always  exist  in  those  mountain  masses, — such  as  the  compact,  crystalline,  porouir 
honeycomb,  ochreous,  and  manganite, — forming  of  themselves  a  good  mixtoie  for 
reduction  in  the  blast-furnace. 

Manganese  is  generally  found  accompanying  ihe  brown  oxides  of  this  eastern  range, 
as  it  sometimes  is  in  that  of  the  west  and  in  the  isolated  deposits  of  the  valley;  but  it 
is  seldom  intimately  mixed  with  the  ore.  Certain  layers,  however,  contain  appreciable 
quantities,  and  the  ore  can  be  used  in  the  furnace  with  or  without  it.  When  used  in 
the  shape  of  manganite,  from  5  to  10  per  cent,  can  be  mixed  with  the  burden  of  the 
furnace  to  great  advantage  in  the  reduction  and  improvement  in  the  quality  of  the  iroo 
produced. 

When  very  soft  pig-iron  is  required,  the  manganite  is  not  used;  when  hard  iron  is 
required,  it  is  used  in  large  quantities;  but  when  strong,  fibrous  iron  is  desired,  • 
moderate  quantity  can  be  used  to  great  advantage. 

It  is  not  generally  known  that  a  judicious  mixture  of  this  oie  with  a  variety  of  the 
brown  hematites  not  only  saves  flux,  but  operates  with  much  economy  in  the  redactws 
of  fuel.  We  have  tried  numerous  practical  experiments  in  this  respect,  and  Ibund  that 
almost  any  quality  of  iron  might  be  produced  by  those  mixtures,  and  that  a  rednctke 
of  one-third  the  quantity  of  coal  was  not  only  possible,  but  eminoitly  praoticaL 

The  value  of  our  ma^detio  ores  depends  on  their  fusilnli^,  or  their  pari^  sad  yiiU' 
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Thej,  however,  generallj  contain  a  amall  amount  of  maoganeM  when  found  in  the 
Ticinitj  of  limeBtone,  nB  in  some  parta  of  th«  Sterling  Mountain  of  New  York.  In  such 
eaaM  they  are  nioTe  calcareoua  than  ailicious,  aad  are  reduced  with  a  less  amount  of 
fuel  than  when  hi^hlj  Bilicloua  and  retractory. 

A  oharoool-furiiace  and  bloomer;  has  long  been  in  operation  at  Ht.  Hullj,  and  are 
•applied  with  orea  from  the  South  Mountain  oro-bank.  The  iron  produced  has  alwajH 
beoi  celebrated  for  its  strength  and  tenacity,  parCicularlj  when  in  the  shape  of  bnr- 
itOB,  and  the  blooins  produced  from  the  ore  direct  conunand  aa  advance  aboro  the 
general  market  price. 

Tbeee  ore-bods,  or  hanks,  have  recently  been  purchaaad  by  the  South  Mountain  Iron 
Company,  of  which  Hon.  Henry  D.  Moore,  of  Philadelphia,  is  President.  The  estate 
vmbraoee  20,OOU  acres  of  ore,  timber,  limestone,  and  farming-land.  The  ore-banks  are 
tbout  14  miles  southward  from  Carlisle,  on  the  Cumberland  Valic;  Rniirood.  Arrange- 
■MDte  are  now  being  mode  to  connect  the  mines,  or  banks,  with  this  line,  which  will 
pat  them  in  direct  communication  with  the  anthracite  furnaces  uf  the  Susquehanna, 
thoa  proriding  a  source  of  supply  much  demanded  by  these  furnaces,  and  a  large  and 
growing  market  for  the  production  of  the  mines. 

An  analysis  of  tlie  South  Mountain  ore,  made  by  Du  Bois  i-  Williams,  of  Philadelphia, 
will  be  found  below.  It  gives  a  high  percentage  for  this  class  of  area,  and  compares 
favorably  with  the  general  yield  of  the  Lake  Superior  or  Cornwall  ores.  Forty-five  per 
mbL  ia  above  the  average  yield  of  our  brown  hematites ;  but  we  have  reason  to  think 
that  the  ores  of  the  South  Moontain  will  exoeed  that  amount,  and  when  selected  will 
yield  fifty  per  eent.  in  the  furuaoe. 

AnalgtU  of  tht  South  Jfoamlotn  ffrmatite. 

Parozlde  of  iron 78.78 

Peroxide  of  manganese ..„.. 8.60 

Silei  or  Silica _ 3.20 

Water  and  loss 11.62 

Metallio  iron,  51.47 100.00 

THE  IRON  HILLS  OF  CORNWALL. 

This  singular  deposit  of  ores  is,  we  believe,  peculiar  to  the  locality.  They  are  pro- 
duced by  the  intrusion  of  B  trap  dike,  which  originatea  in  the  Aioic,  though  bursting 


throui^  the  orerlying  Mesozoic,  near  the  South  Mountain!,  and  which  enters  the 
valley  near  Cornwall  in  Lebanon  oounty,  Pennsylvania.    Here  the  Toloania  Qt  ttu^ 
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emption  UrminBtM  between  the  limeetoDefl  of  the  valle;  snd  tii«  primal  aUtM,  W  in 
the  gre«t  Eastern  nagB  of  brown  hematitea  which  we  are  tneiag. 

The  form  wbich  theM  igneous  rocks  unuoe  at  this  point  is  suggeatiTe.  Q«MnlIf 
tbej  spread  out  on  the  surface  and  conceal  the  crater,  if  Mcb  existed;  but  here  th^ftm 
»  crater,  or  separate  so  as  to.fonn  a  dish-shaped  rim  of  trap  nearly  around  the  depont  of 
ore.  These  volcanic  ruclcs  contain  but  little  iroa,  and  present  no  evidence  c''  hati^ 
emitted  the  iron  of  this  deposit  from  the  bowels  of  the  earth.  We  Eud  hen  muHi  of 
iron  almost  in  a  metallic  Bt«t« ;  but  it  is  evident  that  these  are  the  reoult  of  tbe  gnrt 
beat  which  operated  on  the  brown  oxides  of  this  localitj,  existing  before  theinbnsicBel 
the  trap.  This  volcanic  rock  proves  itself  of  late  origin,  becaose  we  find  it  pieieiDg  lb 
overljing  Mesoioic. 

The  ores  of  Cornwall  are  not  purely  magnetic,  but  contain  a  small  portion  of  Inon 
oxide,  sulphurets,  aud  oxides  of  copper. 

The  formation  of  these  ores  is  peculiar.  Thej  are  evidently  sedimenlary,  but  vn 
their  occurrence  chiefly  to  the  action  of  volcanic  heat  on  the  accompanying  rocks,  ini 
perhaps  the  waters  acting  on  the  sublimated  vapors,  escaping  from  the  fisanros  fbmej 
by  the  ejected  trap,  or  through  the  influence  of  both  combined. 

Prof.  Rogers,  in  bis  Geology  of  Pennsylvania,  thus  explains  the  foimatiOD  of  lUi 
peculiar  deposit: — 

"  At  this  locality  the  actions  collecting  the  oxide  of  iron  into  its  present  ouudilial 
have  been  somewhat  complicated.  The  ferruginous  Primal  slate  baa  been  neb- 
morphoscd,  and  its  oxide  of  iron  segregated  and  crystallised  through  the  inflneaee  p»- 
bably  of  highly-heated  volcanic  Bteam,  and  the  same  inflnence  has  proclnced  a  vtiy 
general  cleavage  structure.  During  the  same  action,  or  subsequently,  nomerooi  tqjsr' 
tions  of  molten  hot  lava,  resulting  in  dikes  of  trap  rock,  have  invaded  the  stratum,  lal 
have  still  further  changed  the  condition  of  the  mass,  infusing  among  it,  probably  1^ 
sublimation,  some  trappean  mineral  matter,  and  especially  some  snlphnret  and  carbensM 
of  copper;  and  rinoe  these  subterranean  inSueocea,  the  atmosphere,  throngh  its  raii^ 
has  exerted  itself  through  countless  ages  to  modify  still  further  the  chemical  and  [Ay- 
sical  condition  of  the  shattered  and  fissured  mass  and  its'oontained  oxide  of  iim. 


XXTUSinoN.— a  r^ruaUt  aopiiM  bonldai  of  tlmd  aid  otaiari  mttaUic  Inn,  diarij  iw Iiltiii  thi  -Mt- 

mudsn"  dT  ■  Fhlllnd  ftinu*,  uA  rrldantl;  tha  nnlta  of  Ti^amlc  hnt  od  III*  biwii  mMca  vblck  eiMtdh 
thii  loc^ltj  prtor  la  tbe  IdiuIod  of  tb*  tnp.    Ob  the  north  liilf.  u  a.  rh*  ABronl  UoMatoB*  otwUh  Ibt  Prtad 

DXT-.  bb  mie  (be  (nclodni  or  eoctRUng  tnppiHB  mlU.  Thaj-  •»  SOO  &>■  npun  ■!  tb*  ■nrftoa  «  mtcnp^  M 
onlj  400  fe?!  uundtt  at  «itn-l«T«l.  gcTcnl  mulliv  alllibooU  Df  Bip  plem  tfa*  ttutitl  nam  of  on,  bcl  AM 
■ppauIohiTfLnlrndsdisliHqiinitljIolhsftinutlonaf  Ihconi  « li  tb*  cratral  niH>  of  on  vhlch  ii  iBstlM 
Id  ■  aaul)  hurluntal  muneri  il  1«  ttia  leatieD  of  tb*  pitMlpil  bod;  of  oopfMr  ora,  ud  c  tb>  FriHl  iM) 
Otrcagh  which  tht  trap  Aai  bttrU, 

"  This  great  iron-ore  deposit,  by  far  the  moit  exIeuMve  and  one  of  the  moat  interdt- 
ing  in  the  State,  is  situated  at  the  outcrops  of  the  Primal  upper  slates,  where  they  riM 
from  beneath  the  Auroral  limestones,  in  Lebanoncounty,  on  thesoutheutboiderof  A* 
Kittatinny  Valley. 
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'Th*  oi»«ti«U  ue  embraced  in  three  billa,  having  a  near];  MHt-and-ireit  nag«- 
■M  hills  ue  flanked  on  lh«  north  bj  the  Auroral  limettonee,  and  BOoth  by  the  orer- 
i^ng  Bueoafbrmable  Utaoaoio  red  ■andaUme,  whieh  fomu  a  high  ridge,  probn^g 
It  and  weat  and  OTerhxikiDg  the  Talley. 

"TtueMtemor 'Big  HiLl'  ie  eIeTat«d  312  feet  above  the  level  of  the  creek  at  iu 
It.  The  middle  hill  ie  98  feet  high,  and  the  western  hiU  78  feet  high. 
"  Tha  hoonding  wall  of  the  ore  in  the  Big  Hill  ie  a  heavj  dike  of  trap,  wbich  varice 
ngud  to  texture  and  oompoaitioa  aa  the  feldepatbio  or  bomblendio  element  predomi- 
1m.  This  masiive  dike,  the  tbickneia  of  which  wemB  nowhere  leee  than  40  feet,  and 
■faabi;  greatly  esoeeda  thii,  encirclaB  the  hill  on  three  sides." 

It  appcen  that  this  bounding  wall  of  trap  also  exists  on  the  fourth  side,  but  is  con- 
iled  bj  debris.  Theee  walla  of  trap  form  a  basin  or  receptaole  for  the  ore,  ae  shown 
tgnrel72. 

Iron  ore*  ooour  in  so  many  different  forms,  and  under  so  many  chemical  oombinations, 
it  no  one  theory  of  formation  can  cover  the  coincidents  and  conditions  witb  which 
1  in  wbioh  they  are  found.  This  deposit  of  ore  dlfi'era  in  character  and  atroctai* 
m  the  ores  ct  the  great  limestone  region  which  we  have  been  tracing ;  bat  the  mata- 
iohaage  moat  be  ascribed  to  the  trap  dike  which  here  invades  the  mineral  range, 
d  the Toloanio  heat  which  must  have  aocumpanied  it;  and  perhaps  the  eolnticai  given 
Pro£  Rogera  Is  the  best  theory  that  can  be  offered. 
Mooont,  however,  for  the  formation  of  the  isolated  Fio.  ITS. 

Matitio  masses  found  throughout  this  great  lime- 
«a  region,  or  the  continuous  range  of  hematitjo 
m  wtach  exist  along  the  eastern  slope*  of  the  Blue 
Iga,  we  roust  seek  some  other  theory.  Bui  since 
■e  *re  so  many  theories  we  shall  decline  the  task. 
nly  premnting  such  facts  in  relation  aa  may  shad 
M  light  on  Uie  sultjeot. 

FORMATION  OF  THE  BROWN  HEMATITES. 

The  hematites,  or  brown  oxides,  do  not  appear  to 
i*t  except  in  the  vicinity  of  limestone :  yet  there  is 
•ridence  <tf  their  originating  from  the  limestones,  since  thase  rooks  contain  Inst  k 
all  proportion  of  iron.  The  ferriferous  rooks  of  this  region  are  generally  those  which 
derlia  the  limestones,  though  the  overlying  sandstones  alao  contwn  the  ores  of  Iron 
various  forms.  Throughout  the  great  valloy  range  the  deposits  of  ore  are  generally 
ind  *Hi  the  slates  and  sandstones,  or  between  the  limestones  and  overlying  or  nndor- 
Dg  rooks.  But  when  the  limestones  are  stratified  horiioutally,  covering  or  cuaaeal- 
[  these  rocks,  the  ore  is  always  found  in  fissures,  a.i  represented  in  figure  173. 
tt  would  therefore  appciir  that  t)ie  substance  forming  these  ores  is  obtained  from 
ler  formations  than  the  limestones,  but  that  the  chemical  action  which  separates,  segrft- 
te*.  or  precipitates  them,  is  supplied  by  the  tatter. 

Where  the  limestones  and  the  ferriferous  slates  and  sandstones  meot,  these  ores  are 
aanlly  found  in  "nests,"  deposited  in  beds  of  clay,  as  showa  in  figar«  171.  Tfaa 
at  mineral  range  which  exist  on  the  Primal  slates,  or  between  them  and  the  overlying 
MrtMie*,  and  which  wo  have  traced  from  Alabama  to  Pennsylvania,  ia  always  in  esch 
la  «f  day,  and  almost  invariably  acoompanied  by  monganeee,  TheM  bed*  of  clay 
I  IWooliar  to  this  locality  and  range.  They  are  singular  in  character  and  form,  and 
I  made  up  of  almost  all  colors,  from  the  most  delicate  pink  and  red  to  the  purost 
■ill,  and  from  the  moat  tcnsoious,  adhesive,  and  plastic  nature  to  th«  nuat  loose, 
able,  sof^  and  traacherous  qnisksanda.    In  the  harder  aUy^  tb»  BMta  of  we  an 
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umially  foand,  but  they  aro  frequenilj  cut  through  by  quickMiid  ooonea.  We  alio  find 
in  connection  with  those  nests  of  ore  large  bodies  of  fine  ochreoaa  powder,  refsmbliBg 
"Tripoli  polish/'  and  almost  equal  to  crocus  in  its  eflbots  on  metals,  when  the  fiMr 
quality  is  selected. 

The  ores  of  these  clay  deposits  are  always  in  basin-ehape,  though  often  cut  down  and 
through  by  erosions.  They  do  not  lie  deep,  and  are  very  irregular  in  nse^  eonstantlj 
increasing  and  decreasing  in  extent,  and  only  occasionally  existing  in  great  Buuees. 

The  brown  hematites  of  the  western  side  and  centre  of  the  valley,  when  eustbg  od 
the  slopes  of  the  sandstone  formations,  or  between  the  limestones  and  the  nnderljiog 
rooks,  aro  not  generally  found  in  nests,  or  enclosed  in  masses  of  clay,  and  the  ores  ire 
more  massive  in  structuro  and  harder  in  character,  though  generally  lees  in  quantity. 
They  are  seldom,  however,  stratified,  and  aro  generally  accompanied  with  limited  bodin 
of  clay,  in  which  they  are  imbedded. 

The  ores  found  in  limestone  fissures  aro  much  the  same  in  character,  and  ahriTi 
accompanied  by  clay  to  a  greater  or  less  extent.  This  form  of  deposit  is  extenatrdy 
developed  at  the  Ironton  mines,  and  the  hematite  formations  on  the  Lehigh  genenlly. 
Most  of  the  hematites  furnished  to  the  numerous  furnaces  on  the  Lehigh  River  are  fron 
the  limestone  fissures.  Some  of  these  mines,  we  learn,  are  200  feet  deep,  and  we  hm 
not  heard  of  any  bottom  being  found.  We  should  expect  such  fissures  to  reach  die 
underlying  slates  or  sandstones ;  but  we  do  not  think  any  of  them  are  very  deep,  «Bce 
they  generally  exist  where  these  lower  formations  are  in  close  proximity.  At  grat 
deptli  we  have  generally  found  such  fissure  deposits  to  terminate  in  iron  pyrkes,  or  the 
sulphurets  of  other  minerals  to  prod(»minate, — such  as  lead,  sine,  copper,  Ac 

These  fissures  could  not  have  been  filled  from  the  surface  by  precipitation,  nnce  ii 
that  case,  instead  of  the  narrow  fissure  containing  all  the  ore,  we  might  expect  to  fni 
it  abundant  on  the  surface,  or  around  the  fissure.  But  that  is  not  the  case:  the  fiMUt 
alone  is  filled, — ^not  with  the  formations  which  surround  it,  but  with  iron  and  cliji 
which  were  produced  from  or  by  the  lower  rocks;  and  we  have  no  doubt  but  tbattbe 
fissures  themselves  were  created  by  the  accumulated  gases  which  sought  vent  eitbtf 
between  the  formations,  as  at  the  junction  of  the  limestones  and  the  underlying  roeb^ 
or  through  them  when  nearly  horizontal,  and  offering  no  other  means  of  escape.  Siib> 
limation,  therefore,  must  have  produced  most  of  our  brown  hematites.  But  tfaej  biJ 
also  have  been  formed  by  the  decomposition  of  iron  pyrites  and  the  disintegration  of 
the  ferriferous  rocks.  But  sublimation,  internal  heat,  volcanic  steam,  and  water,  witk 
the  action  of  subsequent  frosts,  fires,  and  atmospheric  changes,  have,  no  doubt,  produced 
much  of  our  highly  oxidized  ores.  We  find  the  outcrops  of  caloareons,  carbonaccoiii 
argiUaceous,  and  other  ores  greatly  changed  from  their  normal  condition,  and  assoninf 
the  character  of  brown  hematites:  in  fact,  this  seems  to  be  the  result  of  all  oxidiiatioB 
when  perfect;  though  there  are  other  forms  in  which  such  ores  exist,  as  red  oxidtfi 


CONTINUATION  OP  THE  VALLEY  RANGE. 

We  have  only  a  few  words  more  to  say  in  connection  with  this  suljeot.  We  hsie, 
in  the  early  pages  of  this  work,  given  the  range  and  extent  of  the  Auroral  and  Matisil 
limestones  as  coextensive  with  the  Primal  rocks,  or  the  PalsBOsoio  formations  of  A< 
continent,  and  closely  following  the  gneissio  belt  before  described.  It  would  be  tedioaf 
to  fi^llow  this  formation  in  its  vast  range  to  the  north  and  west  as  we  have  traced  ft 
from  the  south,  nor  would  our  time  and  space  admit  of  such  a  course.  We  do  not  thnl 
this  great  limestone  belt  is  as  productive  of  ore  to  the  north  as  to  the  south ;  but  tbit 
the  hematites  exist  throughout  the  range  in  large  and  available  quantities,  the  wuj 
developments  which  have  been  made  abundantly  testify.. 
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But  the  hematitio  regions  are  not  ootifined  entirely  to  the  limestones  of  the 
Auroral  and  Matinal  periods.  The  brown  hematites  are  also  foand  to  a  limited  extent 
among  the  limestones  of  a  later  period,  and  in  the  mountain  or  Carboniferous  limestones 
of  the  coal-fields.  These  formations,  howoTer,  do  not  produce  these  ores  in  equal 
abundance  with  the  older  limestones;  in  fact,  their  occurrence  is  rare,  except  where 
they  constitute  the  outcrops  of  other  ores,  or  ferriferous  strata.  But  the  evidence  we 
have  given  of  the  abundance  of  the  brown  hematites  within  the  great  basin  sufficiently 
demonstrates  its  unlimited  and  inexhaustible  supply. 

The  locations  of  these  ores  are  such  that  they  are  brought  in  close  connection  with 
the  coals  of  the  anthracite  fields  on  the  Susquehanna,  Schuylkill,  Lehigh,  Delaware, 
and  Hudson  Rivers.  On  the  lakes  and  Western  riTers  the  ores  descend  to  the  coal,  and 
proceed  in  procession  to  the  markets.  In  the  South  the  same  thing  happens ;  on  the 
Kanawha,  the  Tennessee,  and  the  Coosa,  the  ores  descend  to  the  coal,  and  both  proceed 
together  to  their  markets.  The  ores  of  Lake  Champlain  and  the  Hudson,  and  the  coals 
of  Pennsylvania,  advance  to  meet  each  other,  and  then  both  take  the  same  route  to  the 
place  of  consumption.  On  the  Lehigh,  the  Schuylkill,  and  the  Susquehanna,  the  coal 
descends  to  the  ores,  and  both  join  the  procession  to  the  markets  of  the  East.  Thus,  the 
distribution  of  both  ores  and  coal  is  eminently  available  and  in  practical  proximity. 

« 

THE  STRATIFIED  OR  SEDIMENTART  ORES. 

By  sedimentary  ores  we  mean  the  stratified  or  bedded  ores  of  the  coal-fields,  and  those 
of  the  formations  immediately  preceding  the  coal  measures.  To  this  class  belong  the 
fosuliferous  ores  of  Bloomsburg  and  the  block  ores  of  Danville,  the  stratified  ores  of 
Broad  Top  and  Hollidaysburg,  the  *'  lenticular"  ores  of  Western  New  York,  the  ores 
of  the  upper  Susquehanna,  and  the  "fibrous  red  oxides"  of  Tennessee  and  Alabama. 
The  fossiliferous,  "lenticular,"  and  "fibrous"  are  red  oxides,  and  exist  principally 
in  the  "  Surgent"  series  of  Rogers.  The  ores  of  the  Meridian  formations  succeeding 
are  mostly  brown  oxides,  and  exist  in  thin  layers  imbedded  in  clay,  and  generally  in 
contact  with  or  in  proximity  to  the  limestones  of  that  era.  The  ^res  of  the  "Cadent" 
and  "Vergent"  series  are  generally  calcareous  or  fossiliferous, — ^but  partake  more  of  the 
red  than  the  brown  or  hydrous  character.  All  these  beds  of  ore  are  thin,  and  not  gene- 
rally very  productive ;  but  they  are  widely  distributed,  and  generally  rich  in  metallic 
yield  near  their  oxidized  outcrops:  they  depreciate,  however,  when  protected  by  heavy 
strata  of  impervious  rock  or  slate  from  the  action  o{  frost  and  heat,  water,  wind,  and 
sunshine.  But  below  those  influences  these  ores  are  lean,  thin,  and  expensive  to  mine. 
The  rich  red  oxide  (fibrous)  of  Tennessee  and  Alabama  lies  on  the  face  of  the  ridges, 
generally  without  covering,  and  always  open  to  the  influences  of  water,  frost,  and  heat. 
But  when  not  exposed  to  those  influences,  they  are  neither  rich  nor  available,  being  lean, 
silicious,  and  hard.  The  process  of  deoxidization  to  which  these  ores  have  been  sub- 
jected disintegrates  and  changes  the  structure  of  the  mass,  separating  the  particles  of 
iron  from  the  earthy  matter,  leaving  the  latter  in  dust  or  clay,  and  the  former  in  con* 
centrated  mass. 

This  process  is  singular,  but  it  is  not  confined  to  these  beds  alone.  All  stratified  ores 
with  which  we  are  familiar,  except  the  rich  carbonaceous  ores  of  the  coal-fields,  are 
sulgect  to  like  influences  when  exposed  on  their  outcrops  or  when  concealed  in  the 
earth. 

The  calcareous  ores  of  Johnstown,  in  Cambria  oounty,  now  used  so  extensively  at 
the  Cambria  tron  Works,  were  extremely  rich  at  their  oxidized  outcrops,  and  yielded 
double  their  present  percentage  of  me(tallic  iron.  The  red  oxides  of  Danville  were  rich 
and  promising  when  first  developed,  and  for  a  oonuderable  distance  under  cover  their 
yield  was  good  and  they  were  mined  at  a  reasonable  cost;  but,  on  being  ibllowed  below 


V 


664  GEXEBAL   DISTRIBUTION  OF  IBON  OBEB. 

vater-level  and  beyond  the  influences  of  the  atmosphere,  they  became  lean  and  thin, 
and  are  now  abandoned  as  not  available. 

These  ores  are  generally  the  result  of  precipitation  in  water,  from  the  ferrifeitmi 
material  which  it  contained,  either  in  solution,  or  as  derived  from  Tolcanio  emptioDi 
They  are  seldom  or  never  rich  in  their  normal  condition,  but  exist  simply  as  ferriferous 
strata,  and  only  develop  available  ores  when  exposed  to  the  chemicid  action  of  best, 
water,  or  atmospheric  influences. 

These  ferriferous  beds  exist  throughout  the  Palaeozoic  formations  in  every  grade  of 
richness  from  two  or  three  to  fifty  per  cent,  of  metallic  iron.  We  find  these  strata  out* 
cropping  everywhere  in  the  anthracite  regions ;  but,  unfortunately,  they  seldom  coDtain 
enough  iron  to  become,  through  oxidization,  available  in  the  furnace.  But  many  of  the 
argillaceous  and  silicious  ore^beds  of  the  antliracite  measures  could  be  used  with 
economy  in  the  blast-furnace,  if  mined  at  available  rates.  By  slow  calcination  or  long 
exposure  to  the  elements,  the  clay  and  silex  disintegrate  and  the  iron  separates  froa 
these  earthy  impurities,  leaving  them  generally  in  the  form  of  dust  or  fine-gnioed 
powder,  which,  under  a  process  of  crushing  and  washing,  can  be  entirely  separated 
from  the  ore  and  with  much  economy  in  uso. 

ORES  OF  THE  COAL   MEASURES. 

The  ores  of  our  coal*fields  are  numerous  and  widely  distributed ;  but,  anfortnnatelT, 
their  beds  are  generally  thin  and  their  yield  is  low.  But,  though  not  as  rich  as  the 
mine-ores  of  South  Staffordshire,  England,  they  will  compare  favorably  with  the  oni 
of  the  Welsh  coal-fields,  which  are  so  extensively  used  in  the  blast-furnaces  of  Wilei. 

The  table  of  analysis  which  we  take  the  liberty  of  copying  from  Rogers's  State 
Survey  shows  the  average  yield  of  the  anthracite  ores  to  be  equal  to  the  yield  of  the 
Welsh  ores;  while  tlie  yield  of  the  ores  of  the  bituminous  measures  is  in  excess. 

In  the  anthracite  regions  these  beds  of  ore  do  not  present  favorable  positioiis  ftr 
mining  with  economy:  they  are  generally  enclosed  in  heavy  walls  of  hard  rock,  and 
are  generally  too  thin  to  mine  without  removing  tlio  accompanying  top  or  bottom  strata 
In  a  few  cases  they  exist  above  coal-scams  and  in  such  close  proximity  as  to  admit  of 
one  being  mined  with  the  other ;  but  this  is  the  exception  and  not  the  rule. 

While  the  red-ash  measures  contain  more  of  the  ferruginous  rocks,  and  we  find  iron 
diffused  more  generally  through  their  measures,  among  the  white-ash  beds  of  coal  arefomid 
the  most  consistent  beds  of  ore, — that  is,  the  ores  of  iron  exist  in  peculiar  strata  rather 
than  diffused  through  the  mass.  We  frequently  find  small  beds  of  ore  in  the  vicinity  of 
the  conglomerate;  but  these  are  thin,  irregular,  and  lean.  The  first  important  ore-bed 
which  we  find  in  the  anthracite  regions  is  above  B,  or  the  Buck  Mountain  coal-bed,  and 
in  the  vicinity  of  C.  This  undoubtedly  produces  the  ores  which  we  find  so  frequcndr 
cropping  out  behind  the  Mammoth  throughout  the  anthracite  regions;  and  not  only  the 
anthracite,  but  we  find  it  also  consistent  throughout  the  Great  Alleghany  coal-field. 

It  is  developed  at  the  Barclay  and  Blossburg  mines,  and  used  extensiyelj  at  Johns- 
town, in  the  Cambria  Iron  Works,  and  is  found  and  used  extensively  in  Armstrong, 
Venango,  Clarion,  Mercer,  Butler,  Beaver,  and  Alleghany  counties;  while  on  the  Great 
Kanawha,  in  AVest  Virginia,  it  is  found  on  its  consistent  horizon  over  the  forifeioof 
limestone. 

This  bed  of  ore  varies  in  the  anthracite  regions  from  twelve  inches  to  thirty  inches  in 
thickness,  and  yields  from  20  to  40  per  cent,  of  iron.  It  is,  however,  extremely  nlidoiis 
in  the  anthracite  measures,  but  contains  a  small  peroentage  of  lime  and  manganese. 
This  ore  is  a  protocarbonate  wherever  found,  always  containing  more  or  leas  carbonate 
of  lime,  and  sometimes  a  small  amount  of  the  carbonates  of  magnesia  and  manganese. 
In  the  bituminoua  regions  it  is  sometimes  a  calcaroous  ore,  oontftining  so  laige  ta 
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F:o.  174. 


■moant  of  lime  m  to  become  •  ferruginous  limeetone.  The  outcrops  of  tbia  bed  are 
tlmys  ozidited,  And  present  either  s  red  or  brown  hematite,  in  vhioh  case  it  u  very 
rioh  and  produo^ve. 

In  Qie  vicinity  of  the  Mammoth  ve  find  several  small  seams  of  ore ;  but  thej  are  not 
of  K  die  or  character  ever  to  render  them  avoil&ble  for  t^e  production  of  iron  to  any 
(xtant. 

The  second  bed  of  importance  is  in  the  vicinity  of  the  Frimroee,  O.  This  is  a  block 
lud,  and  may  be  the  same  as  that  which  is  developed  in  the  Bear  Valley  basin,  though 
vs  are  not  familiar  with  the  locality  of  this  black  band  in  that  basin.  We  know,  how- 
mr,  that  the  Primrose  bed  does  not  extend  far  In  that  direotion. 

There  are  numerous  small  beds  of  ore  among  the  red-ash  coal-seams,  frequently 
h  dose  proximity  to  the  ooal,  and  always  above  it.  Most  of 
Asm  ores  may  be  mined  with  economy;  but  tlieir  silicinus 
■bancter  will  prevent  their  uso  in  the  blogt-fumaco,  unless 
prepared,  as  before  stated,  by  bnming,  crushing,  and  ws^fiing. 
Diis  procesB  is  not  oipcnsive,  and  the  ore  resulting  can  be 
ndaced  with  a  comparatively  small  amount  of  fiux  and  a  oor- 
raponding  proportion  of  coat. 

The  accompanying  figure,  174,  represents  the  combination 
■f  ooal  and  iron  as  found  generally  in  the  English  and  Welsh 
ami-fields.  The  connocUon  of  coal  and  iron  is  also  found  in 
As  same  proximity  in  the  anthracite  rod-anh  beds,  but  the 
pK^rtional  amount  of  ore  is  much  less,  while  the  coal  it 
fMMrally  much  greater. 

In  tome  portions  of  the  Richmond  (Tirginia)  coal-field,  par- 
tftolwly  m  the  Deep  Run  basins,  a  carbonate  uf  iron  overlies 
ttt  principal  seam,  as  represented  above,  but  the  ore  is  less  and  the  ooal  greater  u 
ftrlion,  as  in  the  caso  of  the  anthracite  red-osfa  seams. 


ORES  OP  THE  BITUMINOUS  COAL  MEASURES. 

The  principal  bed  of  the  bituminous  fields  is  that  which  we  have  mentioned  as  existing 
■IWTe  B,  or  in  connection  with  the  buhrstone  or  ferriferous  limestone.  This  bed  seems 
to  be  ooextensivo  with  the  measures  in  which  it  exists,  which  spreads  over  the  greater 
portion  of  the  vast  Alleghany  coal-field,  and,  perhaps,  may  bo  fb\uid  as  extensive  as  the 
bdrixon  of  coal-bed  B,  or  the  limestone  which  it  accoi^anies. 

It!  thickness  varies  from  one  to  four  feet,  and  its  yield  of  metallie  iron  is  from  25  to 
SO  per  cent.  If  each  square  yard  of  this  seam  is  capable  of  producing  one  ton  of  iron 
—which  is  a  low  estimate — throughout  one-half  the  area  of  the  Alleghany  coal-field,  tho 
total  amount  on  comparison  would  sink  into  insignificance  the  celebrated  iron  mountain 
of  Uisaonri  and  cover  out  of  sight  the  great  iron  regions  of  the  lakes. 

But  this  ore,  when  mined  beyond  the  influoneoa  of  the  atmosphere,  will  not  prodnce 
good  iron  without  an  admixture  with  the  brown  hematites  of  the  limestones  or  the  ores 
of  tho  gneissio  belt,  and  these,  as  we  have  shown,  are  always  available  to  our  great 
■ttnufaotnring  centres.  A  combination  of  the  magnetics  and  specular  ores,  which  are 
"ocdd-short,"  with  these  calcareous  ores,  which  are  "red-short,"  produces  a  good  iron 
Cv  all  ordinary  purposes;  while  an  admixture  of  hematites  with  the  calcareous  ores 
Mwwers  the  same  purpose. 

There  are  two  prominent  seams  of  iron  ore  found  in  the  lower  coal  measures  of  the 
Alleghany  field.  The  second  lies  some  distance  above  the  buhrtlone  ore,  and  in  the  vicinity 
of  the  Freeport,  or  Curlew,  limestone.  The  exact  Locality  of  this  ore  we  cannot  fix, 
bat  believe  it  to  be  on  the  some  horiion  with  the  ores  in  Uie  vicbitj  of  the  Hamm<AK 
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iM.     But  this  ore  U  lees  reliable  than  the  flnt,  ud  h 

On  tb«  Great  Katinwha  it  in  found  in  workable  diac 

and  its  outcrops  may  be  fuund  at  interrab  tlin 

thi«  great  field;  but  itisBeldom  deTeloped  inaeo 

The  occompanjing  figure,  175.  illustrates  the  | 
of  tho  calcareous  or  bufarstone  ore,  and  its  eon 
vith  tho  accompany' log  limestone  and  coal. 

There  arc  mnn;  theories — and  some  of  the 

elalxirate — advauced  to  account  for  the  fbrms 

peculiar  orc-bede.     But  we  do  not  see  any  i« 

speeuluti!  beyond  the  cotnmoa  and   natural  pr 

«rbich  we  can  rondily  comprehend,  to  account 

formation  of   the  sedimentary  beds  of  our  cm 

tVe  find  them  gencrullj  dcponted  on  beds  of  eoi 

stone,  or  shale;  and  wo  can  no  more  wonder .thi 

of  ore  should  bo  stratified  orer  thousands  of 

miles,  than    that   so  many  beds  of  sandstone 

posited  in  uniform  strata  throughout  the  Appi 

basin.     Tbo  ore  is  more  dense  than  the  sandslo 

slates  with  which  it  is  found,  and  is  the  first  to 

cipitated  from  every  great  Tolcanic  eruption.    1 

however,  the  presence  of  lime  important  to  theo 

separation  or  segregation  of  the  iron  from  its  acoo 

ing  earthy  matrix;  and.  though  not  invariably,! 

rally  find  the  ores  purer  and  in  greater  qaan 

the  vicinity  of  limestone  than  when  beyond  itaio 

The  character  of  the  ore  is  due  to  other  cwu 

when  we  find  the  carbonate  of  iron  in  the  coal  ■ 

and  in  connection  with  itsctial-bcds,  wearenotti 

that  it  is  not  peroxide,  scsquioxide,  or  magnetii 

but  consider  it  the  natural  consequence  of  its  contact  with  the  carbon  which  then 

in  profuaicm  thniiighout  the  coal  measures  and  the  waters  in  which  they  weredc 

We  shall  not  attempt  to  trace  or  describe  the  uncertain  ore-beds  in  the  upf 

scries.     The  extent  of  the  coal  measures  lying  above  tho  Mahoning  si 

and  the  orc-bcds  which  they  contain  are  of  small  dimensions  and  u 

We  know  but  little  more  than  that  several  such  beds  exist  in  tho  upper  measure 

With  this  brief  notice  of  the  ores  of  tlie  great  Appalachian  formations  we  mu 

this  chapter;  but  we  cannot  dismies  tho  subject  without  a  few  words  in  relatioi 

magoitudq  of  our  iron  deposits,  their  groat  variety,  boundless  extent,  and  avoib 

Magnificent  as  oar  coal-fields  are,  they  do  not  surpass  our  resources  in  iron;  1 

are  on  a  scale  of  magnitude  oorreeponding  with  the  vastness  of  the  country  ii 

they  piist  and  tho  population  which  it  is  destined  to  support. 

A  bountiful  Providence  has  stored  our  mountains  with  unlimited  supplies  of  tl 
valuable  of  minerals.  Tho  valleys  and  plains  teem  with  prodnctiTcncNi,  th« 
rich  in  corn  and  wine,  and  the  bowels  of  the  earth  fat  with  oil.  We  may  ini 
poor  and  oppreased  of  tiio  world  to  come  end  partake;  but  we  must  protect  on 
against  the  monopolietfl  and  oppressors  of  the  Old  World,  if  we  would  profit 
abundance  of  the  Now. 
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CHAPTER   XXVIII. 

THE  PRACnCAIi  DEVELOPMENT  OP  OUR  BESOURCES; 

Oir  Bmohtcm— The  Knowledge  which  ii  Power— DeTelopment— Policy  of  SngUund— Policy  and  Retottrcee  of  the 
United  State*— Protection  v».  Free-Trade— Pint  Tariff— The  Rerolntion— First  Crisis— Tariffe  of  1824-28— The 
Compromise  Act— Second  Crisis— Tariff  of  1842— Ad  Talorem  Tariff  of  1846-7— Third  Crisis— The  Slareholder'i 
Rebellion— Tariff  of  1861—**  The  Protection  of  War**— The  Wealth  of  Nations— Political  Boonomy— Its  Oltfects— 
Che^  Labor— The  Farmer  and  Planter — ^The  Miner,  Mann&ctorer,  and  Mechanic — Practical  Illnstratlon^— 
Qitap  Labor  «t.  Free  Labor — Importation  of  Food — Iligh  Prices — Cui  BonoP — Middle  Men — How  to  pay  our 
Debts— Our  Foreign  Debt — Domestic  Debt — National  Loan— Gold  vs.  National  Currency — Finances— <k>mmeroe. 

OuB  resoarces  in  coal  and  iron  are  nnliniited.  Both  in  quantity  and  quality  they  are 
superior  to  all  competition.  The  rest  of  the  world  combined  will  not  compare  with  our 
single  country  in  the  one  nor  the  other.  Wc  possess  thirty-four  times  the  quantity  of 
coal  and  iron  possessed  by  England,  and  perhaps  double  as  much  as  that  possessed  by 
all  other  portions  of  the  earth.  These  resources  are  availably  located;  they  are  in 
proximity  with  the  widest  plains  and  richest  soils  known  to  man.  They  are  developed 
by  ocean-like  lakes,  or  magnificent  rivers,  and  are,  or  will  be,  traversed  by  railroads 
from  ocean  to  ocean.  Their  value  is  incalculable,  their  extent  boundless,  their  quantity 
immeasurable,  and  their  richness  unequalled.  The  wealth  they  represent  cannot  be 
told  in  figures.  The  dynamic  power  they  intrinsically  possess  is  beyond  computation. 
They  offer  us  the  control  of  the  world, — ^its  wealth,  power,  and  destinies.  We  may  profit 
by  the  power  thus  offered  us,  and  benefit  mankind,  or  we  may  ruin  ourselves,  and  entail 
greater  misery  on  the  poor  and  oppressed.  We  may  multiply  and  scatter  these  bountiful 
provisions  of  Providence;  we  may  ignorantly  reject  them,  or  basely,  wantonly,  squander 
them.  On  our  ii^telligence,  prudence,  and  industry  will  depend  our  welfare  and  the 
profit  we  may  derive  from  the  magnificent  resources  at  our  command. 

''ELnowledge  is  power," — notwithstanding  the  doubtful  shaking  of  heads  among 
mere  "book-worms,''  or  the  students  of  the  "dead  languages," — ^that  knowledge  which 
^teaches  us  to  pierce  the  bowels  of  the  earth  and  bring  forth  from  the  caves  of  the 
mountains  metals  which  give  strength  to  our  hands,  and  subject  all  nature  to  our  use 
and  pleasure." 

That  knowledge  is  power  which  enables  us  to  multiply  our  productiveness,  to  sub- 
stitute the  iron  limb  and  rib  and  wheel  for  human  thews,-^to  increase  our  strength  a 
hundredfold,  and  exchange  our  thoughts,  our  labor,  and  our  productions,  so  as  to  profit 
most  by  the  diversity  of  our  wealth,  and  diffuse  that  wealth  through  the  community. 

We  did  not  and  do  not  intend  to  inflict  our  readers  with  a  lecture  on  Political 
Economy;  but,  having  displayed  and  illustrated  the  magnitude  of  our  mineral  resources, 
it  is  now  proper  and  appropriate  to  illustrate  their  practical  development,  and  the  ways 
and  means  of  making  them  available  to  our  domestic  industry  and  our  political  economy. 

We  will  try  to  bo  concise  and  practical.  We  will  not  treat  the  subject  seientifically, 
because  older  and  vnser  heads  than  ours  have  been  confused  over  the  subject.  Adam 
Smith  and  the  English  have  been  trying  to  teach  us  for  the  last  hundred  years,  by 
science,  metaphysics,  and  coercion,  that  it  is  profitable  for  us  to  sdl  them  "rabbit-skins 
at  sixpence,  and  buy  back  their  tails  at  a  shilling." 

The  policy  of  England  has  been  wise,  but  selfish ;  profitable,  but  oppressive.  She 
has  grown  rich  by  keeping  the  world  poor.    We  do  not  advocate  her  policy",  \w*^Vp| 
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showing  how  she  acquired  wealth,  power,  and  influenoe,  though  ciicomflcribed,  linuted, 
and  insignificant  in  resources  when  compared  with  ours,  we  maj  best  illnstnte  the 
practical  development  of  our  fields  of  ooal  and  mountains  of  ore. 

THE  POLICY  OF  I^GLAND,  AND  HEE  DEVELOPBIENT. 

The  practice  of  England  is  at  varianoe  with  her  precepts.  Her  history  does  not  agm 
with  her  *' political  economy/'  as  taught  by  her  sophists.  Her  practical  eocnomists 
have  not  followed  their  teachings. 

A  short  time  ago, — measuring  time  by  the  life  of  nations, — the  English  were  seift, 
"villeins/'  or  painted  savages,  and  their  rulers  petty  feudal  chiefs.  They  thai  foa^t 
with  each  other,  or  disputed  the  possession  of  their  little  island  with  the  SootB,  Irish, 
Piots,  and  Welsh.  But  Christianity  brought  them  civilization,  and  foreigners  tta^t 
them  the  arts  and  sciences.  They  improved  their  time,  and  profited  by  their  lenoiu. 
The  miners  of  Cornwall  dug  tin  and  copper  from  their  barren  hills  aX)d  sold  it  to  the 
Phoenicians,  who  taught  them  the  art  of  making  iron. 

In  120,  a  military  forge  was  erected  at  Bath,  near  the  well-wooded  bills  of  Monmooth- 
shire ;  and  the  bed  of  iron  cinders  in  the  forest  of  Dean,  where  Roman  coins  were  found 
imbedded,  testify  the  early  production  of  iron.  But  during  the  succeeding  generttioD 
our  British  ancestors  were  neither  wise  nor  prosperous.  They  spent  their  time  in 
brutal  civil  broils  or  fruitless  foreign  wars.  Their  sovereigns  granted  monopolies  to 
favorites.  The  poor  were  tasked  to  pamper  the  noble.  Manufactures  were  dlsooortged, 
taxes  wore  heavy,  but  the  revenues  were  smalL  England  had  neither  strength,  weslth, 
nor  power. 

Necessity,  however,  compelled  the  production  of  iron,  and  as  early  as  1620  the  de^ 
struction  of  the  forests  began  to  alarm  the  manufacturer,  and  the  propriety  of  mtkisg 
the  crude  iron  in  the  North  American  colonies,  where  timber  was  plentiful,  wit  pte- 
posod.    Iron  was  first  made  in  Virginia  as  early  as  1619. 

The  production  of  crude  iron  was  encouraged  by  the  mother-country,  but  her  diildxeB 
were  not  allowed  to  manufacture  it.  A  heavy  penalty  was  laid  on  those  who  erected 
'*  slitting  mills,"  steel  mills,  foundries,  &c.,  and  laws  were  passed  at  a  later  period  prO' 
hibiting  the  exportation  of  machinery  or  expert  mechanics  from  England.  Thai, 
England  at  that  early  day  encouraged  the  importation  of  raw  material,  as  she  has  done 
ever  since,  when  she  could  not  produce  the  article  herselC  But  as  soon  as  the  muxor 
facturers  of  England  discovered  that  wrought  iron  as  well  as  cast  iron  could  be  pro- 
duced with  pit-coal,  and  the  fear  of  exhausted  forests  no  more  troubled  them,  the 
imi>ortation  of  pig-iron  was  prohibited  by  heavy  tariffs.  Only  the  superior  Swedish 
and  Russian  bar  was  imported  to  any  amount,  because  this  class  of  iron  could  not  then 
be  made  in  England. 

England,  however,  had  no  competitor.  No  other  European  country  did  or  could  pro- 
duce common  iron  cheaper  than  herself,  and  she  gave  the  colonies  no  opportunitj  to 

do  80. 

Thp  amount  of  pig-iron  exported  to  England  by  the  Colonies  from  1728  to  1768  «« 
about  75,(XX)  t^ms,  of  which  26,000  vrere  exported  from  1761  to  1768.  Virginia  cooH 
compote  witli  England  in  the  manufacture  of  iron,  if  she  had  not  been  coerced  by  the 
mother-country,  who  dictated  what  she  should  do,  and  what  she  should  not  do.  Fff- 
ginia,  in  ci^nsequenoe,  with  all  her  mineral  resources,  degenerated  into  a  mere  agii- 
oulturist,  and  a  breeder  of  slaves. 

But  up  to  the  time  of  Elisabeth,  or,  we  may  say,  of  Cromwell,  England  pursued  no 
fixed  policy  in  regard  to  her  manufactures.  The  emancipation  of  her  bone  and  auMV 
by  the  Reformation,  and  the  assertion  of  the  rights  of  the  people  under  the  Protaelor» 
developed  the  proteotive  policy  of  England,  and  secured  to  her  popvlatioii  imI  oMT 
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equal  rights,  bat  •  prudent  family  gOTernment,  which  only  sought  for  general  good  in 
England's  aggrandisement. 

Since  then  the  rulers  of  Great  Britain  baye  not  consulted  the  benfefit  or  nniyersal  good 
of  the  world  as  the  results  from  their  policy,  but  how  to  make  England  rich,  prosperous^ 
and  powerful ;  and  they  have  succeeded  not  only  in  this,  but  in  eonferrinig  on  the  world 
«t  large  tenf(dd  the  advantages  which  could  have  resulted  had  England  continued 
barbarous  or  neglected  her  own  vital  interests. 

The  result  of  her  policy  has  been  to  acquire  wealth  from  every  souree,  to  become  the 
manufacturer  for  the  world,  and  to  compel  less  powerful  nations  to  become  her  cus- 
tomers.   But  she  conferred  benefits  while  exacting  their  tribute. 

From  the  year  1075  to  1575,  the  population  of  Great  Britain  but  little  more  than 
doubled  itself  in  five  hundred  years;  and  from  1575  to  1750  the  increase  was  less  than 
one-third.  But  during  the  first  half  of  the  present  century  the  population  of  the  United 
Kingdom  more  than  doubled  itself,  besides  sending  a  constant  stream  of  emigration  to 
the  United  States,  Canada,  Australia,  Africa,  and  other  ports  of  the  globe. 

Li  1816,  at  the  close  of  the  French  War,  the  debt  of  Great  Britain  was  $4,205,000,000, 
and  her  estimated  wealth  $10,500,000,000.  Since  then,  the  increase  of  her  wealth  has 
been  rapid,  and  may  now  bo  stated  at  nearly  $100,000,000,000. 

She  has  not  only  so  vastly  increased  her  wealth,  but  her  ability  to  produce  has  been 
proportionally  increased.  In  1688  her  population  was  less  than  6,000,000,  and  the 
indnstrial  or  productive  power  of  these  were  limited  to  the  able-bodied  men  and  vromen, 
boys  and  girls,  who  exerted  only  their  brute  strength,  with  but  little  assistance  from 
intelligence,  mechanical  skill,  or  science.  But  in  1865  we  find  a  population  of  over 
30,000,000,  whose  average  wealth  is  over  $3000  per  headi  and  whose  productive  ability 
ia  increased  20  times  by  the  aid  of  labor-saving  machinery;  that  is,  the  30,000,000 
Inhabitants  of  Great  Britain,  aided  by  steam-power  and  mechanical  skill,  is  equal  to  a 
phyaioal  force  of  600,000,000  able-bodied  men,  or  more  productive  power  than  is  poa- 
■assed  by  the  entire  manual  labor  of  the  world. 

We  need  not  say  that  China  with  her  340,000,000  can  neither  compete  with  the 
30,000,000  of  England  in  industrial  resources  or  material  power. 

We  cannot  attribute  this  wonderful  increase  to  her  agricultural  production  or  her 
extenti  but  must  seek  its  cause  in  the  prudent  management  of  her  domestic  industry 
and  political  economy,  her  mechanical  skill  and  constant  protection  to  the  production 
of  her  labor. 

That  little  island,  not  lai^er  than  one  of  our  great  States,  representsmore  available 
wealth  than  that  of  the  world  combinod.  She  has  conquered  from  savage  and  barbaric 
nations  two  great  continents,  and  planted  her  children  and  established  her  language 
over  an  area  of  12,000,000  square  miles  of  the  earth's  surface,  and  reclaimed  to  civilisa- 
tion the  best  portions  of  the  inhabitable  globe. 

That  she  has  sought  self-aggrandisement  in  all  this  we  cannot  deny;  but  the  result 
has  been  a  benefit  to  mankind.  They  who  cannot  help  themselves  cannot  confer  benefits 
on  others*  "  Talents"  that  are  hidden  are  not  productive.  To  they  who  have  most, 
more  shall  be  given,  simply  because  they  earn  it  and  deserve  it.  Wilful  ignorance  and 
folly  ore  greater  sins  than  *'  sharp  bargaining"  or  the  accumulation  of  wealth  by  far- 
aoeing  sagacity,  even  to  the  loss  of  others  or  at  the  expense  of  ignorance. 

We  can  only  blame  ourselves,  therefore,  that  England  has,  to  the  present  time, 
pn^ted  more  by  our  superior  resources  than  ourselves,  or  that  she  has  pocketed  the 
annual  products  of  our  gold-mines.  We  pay  her  superior  intelligence,  skill,  and 
sagacity  nearly  $100,000,000  per  annum,  all  of  which  might  be  saved  by  putting  in 
practice  the  policy  of  England, — to  buy  nothing  we  can  make  ourselves,  to  encourage 
no  foreign  trade  which  does  not  pay  a  profit,  but  to  stimulate  every  manufacture  and 
every  oommeroial  transaction  which  will  realize  profit  and  prodnoe  general  |^Qs^geKvt^« 
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Daring  the  early  agee  the  arts  and  manufactaree  flouriahed  in  Asia  and  Africa.  TIm 
Middle  Ages  transferred  these  industries  to  Europe;  but  England  was  neither  fint is 
wealth  or  power  when  Florence  and  Amsterdam  were  in  their  senith  of  prospontj. 
She  never  would  have  acquired  her  present  position  had  not  her  intelligenoe  led  to  the 
practical  development  of  her  immense  resources  in  coal  and  iron.  Was  she  not  tk 
first  to  make  use  of  the  steam-engine,  and  create  from  coal,  iron,  and  steam  a  laboring 
force  equal  to  the  physical  strength  of  all  the  able-bodied  men  of  the  w<vldT  Bnteren 
these  advantages  were  not  suflBcient  to  the  wonderful  results  which  transfcnnsd  th« 
little  island  from  heath  and  moor  to  a  garden—  from  poverty  to  opulence— in  the  short 
period  of  a  hundred  years.  Money,  the  machinery  which  puts  idl  else  in  motioii,  m 
wanted,  and  this  was  provided  by  war,  which  has  always  been  considered  as  calamitom 
and  exhaustive;  but,  though  long,  bloody,  and  costly,  it  brought  wealth  to  Englind. 
Paper  money,  which  sophistical  economists  condemn,  was  the  means  of  making  gold 
plentiful  in  England.  Her  consols,  representing  her  debt,  gave  her  people  the  meant 
of  converting  her  stones  of  coal  and  rocks  of  iron'  into  labor-saving  machinery,  and 
treating  a  productive  industry  which  has  rivalled  the  world. 

RESOURCES  AND  POLICY  OF  THE  UNION. 

A  few  words  will  explain  the  colonial  history  of  the  Provinces  under  British  mle. 
They  were  **  drawers  of  water  and  hewers  of  wood''  to  England.  They  supplied  her 
with  such  raw  material  as  she  could  not  produce  at  home,  and  opened  markets  lor  kr 
manufactured  goods  at  great  profits.  The  surplus  population  of  England  is  encouraged 
to  migrate;  to  conquer  new  fields  for  her  industry;  and  those  peaceful  conquests  hire 
been  England's  greatest  victories.  Uer  colonists  in  America  were  encouraged  to  i|ireBl 
over  the  continent,  to  invade  the  forests,  and  cultivate  the  fields,  but  they  were  not 
allowed  to  make  their  own  axes  or  their  own  ploughs ;  they  were  told  to  grow  silk,  aid 
wool,  and  cotton,  and  were  offered  premiums  for  raw  material,  but  they  were  lot 
allowed  to  make  their  own  cloths  or  transport  their  own  productions. 

The  quantity  of  iron  made  in  this  country  was  almost  equal  to  that  of  England  in 
1740,  when  only  17,350  tons  were  produced;  and  our  exportation  of  pig-iron  to  England 
during  that  year  was  2275  tons. 

Had  our  manufacturing  interests  been  fostered  and  encouraged  from  that  date  aa  the 
manufacturing  industry  of  England  was,  we  should  long  ago  have  been  able  to  cope 
with  England  and  open  our  ports  to  free  trade  without  injury  to  onr  own  prodoetiTe 
labor. 

During  the  Revolutionary  War  we  prospered  and  increased  in  wealth  notwithstanding 
the  long  struggle ;  but  when  England  lost  the  control  of  her  disobedient  o£&pringi  she 
prohibited  the  exportation  or  migration  of  machinery  or  mechanical  experts,  and  sooghk 
thus  to  retard  the  spread  of  the  manufacturing  interests,  and  to  increase  her  om 
ability  to  supply  the  wants  of  the  world  at  cheaper  rates  than  it  was  possible  fo 
unskilled  and  unassisted  labor  to  produce  it.  At  this  time  the  steam-engines  of  Watti 
and  Bolton  were  fast  coming  into  use,  giving  England  the  means  of  multiplying  her 
productive  power  to  an  almost  unlimited  extent^  and,  as  we  have  seen,  have  ainee 
increased  her  physical  force  from  a  mere  fraction  to  600,000,000  of  units  of  labor.  Her 
ability,  therefore,  to  control  the  trade  of  the  world  is  constantiy  increasing,  and  no 
other  country  save  our  own  can  ever  become  her  serious  rival  in  the  mannfaetore  of 
iron  in  its  various  shapes.  Of  the  10,000  pquare  miles  of  productive  ooal-area  in 
Europe,  the  United  Kingdom  contains  over  half,  though  its  entire  area  is  only  121,0ft) 
square  miles  af^ainst  the  3,757,209  square  miles  of  Europe.  But,  as  compared  with  the 
productive  coal-area  of  the  United  States,  England's  resources  in  this  most  important 
of  all  minerals  to  a  mannfacturing  people  are  less  in  comparison  than  thoae  of  Europe 
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M  compared  with  hers.  Her  121,000  square  miles  of  territory  coatain  about  6000 
square  miles  of  coal-area.  Our  3,000,000  contaiu  over  200,000  square  miles  of-  coal. 
England  has  one  square  mile  of  coal  for  twenty  of  territory.  We  have  one  square  mile 
of  ooal  for  every  fifteen  of  territory;  and,  as  vre  have  shown,  our  resources  in  iron  are 
equal  to  our  resources  in  coal.  England's  contracted  area  neither  supplies  her  laborers 
with  food  nor  offers  her  products  a  market.  She  must,  therefore,  transport  her  supplies 
from  beyond  the  seas,  and  ship  the  products  of  her  mills  and  shops  to  foreign  markets. 
We  have  an  unlimited  area:  our  plains  and  fields  are  on  the  same  scale  of  magnificence 
with  our  resources  in  coal  and  iron.  The  products  of  our  soil  will  abundantly  clothe 
and  support  us;  while  the  extent  of  our  country  and  the  diversity  of  our  productions 
and  wants  offer  our  manufactures  a  home  market  far  greater  than  the  foreign  markets 
ever  enjoyed  by  England.  If  we  had  not  a  pound  of  domestic  or  surplus  producte  to 
export  beyond  the  amount  of  our  imports,  we  should  grow  rich  rapidly  under  the  pro- 
tective  policy  pursued  so  successfully  by  England,  by  the  increase  of  our  domestic 
wealth  and  the  vast  accumulation  of  the  precious  metals  from  our  Western  mines. 

The  development  of  our  resources  has  been  materially  controlled  and  checked  by  the 
overwhelming  productive  power  of  England  and  her  ability  to  produce  cheap  goods ; 
by  her  policy  of  drawing  the  raw  material  from  all  parts  of  the  world  and  returning 
the  manufactured  article,  and  by  working  up  her  own  raw  material  into  the  most  valu- 
able forms.  Her  statesmen  and  her  manufacturers  have  worked  in  harmony,  because 
bar  manufacturing  interests  overshadowed  all  others.  Her  political  economists  have 
tftught  precepts  which  her  lawgivers  did  not  practise.  They  advocate  ^ree  iriide  now, 
in  eertain  articles  when  no  other  nation  can  compete  with  England  in  these  productions. 
England  by  the  use  of  labor-saving  machinery  increases  the  production  of  her  work- 
people one  hundredfold,  and  until  other  nations  can  approximate  this  result,  free  trade 
wiU  result  to  her  advantage.  Cheap  labor  has  comparatively  little  to  do  with  this 
reaolt.  True,  had  the  Chinese  the  same  intelligence,  skill,  capital,  and  machinery,  with 
the  same  resources,  their  dense  population,  laboring  at  sixpence  per  day,  could  even  under- 
sell England.  But  England,  with  all  these  advantages  at  command,  and  her  able-bodied 
men  working  at  fifly  cents  por  day,  can  always  undersell  our  manufacturers  as  long  as 
they  pay  from  one  to  two  dollars  per  day  for  labor.  Our  people  can  never  enjoy  pros- 
perity or  a  proper  remuneration  for  their  labor  as  long  as  the  mere  physical  force  is  at 
open  competition  with  the  labor-saving  machinery  of  Europe.  But  the  United  States,  as 
before  mentioned,  can  not  only  compete  with  England  under  the  same  development ; 
but  we  are  the  only  other  country  which  can  compete  with  her  in  the  manufactory  of 
the  chief  staples  of  the  world.  Notwithstanding  our  superiority  in  resources,  however, 
we  can  never  compete  with  her  83,000,000  horse-power  of  labor-saving  machinery 
until  we  increase  the  physical  force  of  each  laboring  unit  in  the  same  proportion,  say 
one  hundredfold.  When  this  is  done,  and  each  million  of  our  ingenious  mechanics 
and  experts  shall  have  been  increased  one  hundred  million,  then  we  shall  be  prepared 
tu  advocate yr^tf  trade.  But  England  will  never  permit  this  grand  consummation,  this 
magnificent  development,  as  long  as  we  allow  her  to  cripple  every  attempt  by  exposing 
oar  manufacturers  to  competition  and  ruin  every  decade  as  a  chronic  political  dis- 
temper. 

But,  under  the  degree  of  development  attainable  in  this  country  through  adequate 
protection  for  a  short  time,  our  skilful  mechanics  and  ingenious  inventors,  whose  pro- 
doctions  are  unrivalled,  would  soon  add  to  our  industrial  resources  that  power  in  which 
we  are  now  deficient  to  compete  with  England  in  our  own  markets ;  and  every  horse- 
power of  steam  machinery  built  and  put  in  use  at  home  adds  to  that  ability  by  giving 
nn  a  force  equal  to  the  labor  of  seven  men,  which  can  be  exerted  here  as  cheap  as  it 
tmxi  be  in  England,  or  put  in  competition  with  the  meanest  slave, — the  most  ill-paid 
labor  of  the  world  on  the  score  of  economy. 
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naving  noticed  why  England  is  able  to  undersell  as  in  our  own  tnaylr^^f^^  tn^  tibal 
she  can  cripple  the  manufacturer  of  any  nation  not  aided  by  labor-saTing  machinery, 
without  regard  to  the  cheapness  of  labor,  we  may  now  show  how  our  policy  has  ben 
framed  to  advance  her  interests  more  than  our  own,  and  to  enrich  foreign  mann&dDm 
while  we  have  crippled  or  ruined  those  at  home ;  that  our  superior  resoorcts  and 
monopoly  of  productions  in  certain  staples  have  enriched  England  without  adding  lDtt^ 
rially  to  our  own  wealth. 

A  brief  history  of  our  tariffs  and  their  consequences  will  give  the  facts,  and  pron 
tlio  necessity  of  protection  for  the  dcTelopment  of  our  resources. 

The  Revolution  ended  British  rule  and  legislation  over  the  Colonies  and  their  tnds. 
That  was  the  cause ;  this  was  the  effect.  The  markets  for  our  pig  iron  cut  off,  and  tbt 
importation  of  British  iron  and  manufactures  suspended,  our  capital  and  skill  wert 
turned  ti)  supply  our  own  necessities ;  and  many  small  iron-works  and  factories  wen 
tlien  called  into  existence  US  be  crushed  with  the  return  of  peace. 

England  clearly  foresaw  a  dangerous  rival  in  the  American  States.  Their  skill  sod 
superior  iron  enabled  them  to  produce  a  better  article  from  this  material  than  could  he 
produced  in  England.  But  the  great  improTements  made  in  the  process  of  maiw- 
facturing  iron,  and  the  use  of  coal  and  coke  in  its  production,  enabled  the  English  maiuh 
facturer  to  produce  a  cheap  if  not  a  good  article ;  and  in  order  to  control  as  much  foiei^ 
trade  as  possible,  the  Act  of  1785  (25  Qeo.  III.  c.  67)  was  passed,  to  prerent,  under  seftri 
penalties,  the  emigration  of  mechanics  or  skilful  workers  in  iron  or  steel,  or  the  o- 
portation  of  any  tool,  engine,  or  machine,  beyond  the  seas. 

With  the  return  of  peace  following  the  Revolution  came  an  almoet  total  drain  of 
specie  for  foreign  goods,  and  a  languishing  state  of  our  own  manafactores,-— povertj, 
ruin,  and  low  prices  for  labor  and  the  productions  of  labor ;  proving  that  Frib  Team 
brought  even  more  ills  than  Was. 

FIRST   TARIFF. 

This  state  of  things  called  the  Convention  and  forced  it  to  give  power  to  Congreet  to 
protect  our  national  industry.  This  produced  the  first  American  tariff,  in  1789,  wluek 
gave  especial  protection  to  our  iron  manufactures.  When  thfy  suffer,  every  branch  of 
industry  suffers  more  or  less.  In  1791  our  iron  manufactures  were  in  a  prosperous  con- 
dition and  were  profitably  operated.  The  affairs  of  the  country  were  in  a  flourishing 
condition.  The  tariff  on  rolled  iron  and  steel  and  all  the  manufactures  of  iron  except 
hardware  was  in  1794  fixed  at  15  per  cent  when  imported  in  American  vessels,  with  in 
addition  of  10  per  cent,  when  in  foreign  bottoms.  These  rates  were  retained  until  1816> 
The  AVar  of  1812,  gave  a  great  impulse  to  our  manufactures;  but  they  were  agun  de- 
pressed and  rendered  almost  inactive  at  its  close  from  the  inadequate  protectioo  tbsB 
afforded  to  the  high  prices  of  the  war  and  the  constant  improvement  going  forward  in 
the  English  manufactures  and  the  consequent  reduction  in  prices. 

So  great  was  the  importation  of  foreign  goods  which  followed  the  peaee  that  dunag 
the  first  three-quarters  of  1815  the  value  of  our  imports  amounted  to  $83,000,000,  sod 
during  the  fiscal  year  next  ensuing  $155,250,000  were  imported»  which  were  paid  for 
principally  in  specie  and  notes  at  interest  1 

The  English  manufacturers  at  this  stage  of  our  history  made  great  Bacrifices  in  ords 
to  control  our  trade  and  break  down  our  manufactures.  Lord  Brougham  sud  in  Fuliir 
ment  that  "  it  was  even  worth  while  to  incur  a  loss  upon  the  first  exportation,  in  order, 
by  the  glut,  to  stifle  in  the  cradle  these  rising  manufactures  in  the  United  States  vhioh 
the  war  had  forced  into  existence  contrary  to  the  natural  course  of  things.'*    Tbsit  ei- 
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oeMtre  impoiiadonB  were  fraught  with  the  most  diBastroiiB  oonseqnenoee.  To  our  mami^ 
fketures  thej  broaght  nun.  Goods  of  all  kinds,  as  well  as  labor,  took  a  sudden  and  rainons 
iallt  and  onr  experts  and  laborers  were  driTen,  in  consequence,  to  other  and  new  fields 
of  labor.  Most  of  them  turned  to  the  soil  for  support ;  but  the  farmei;^,  like  the  mantn- 
fiietarers,  suffered.  The  home-market  out  off,  reduced  the  price  of  their  products  to  a 
«omparatiTelj  greater  extent  than  the  reduction  in  the  price  of  manufactured  articles.   ' 

The  national  finances  were  in  a  deplorable  condition,  while  our  domestic  industry! 
was  almoet  crushed  out.  The  public  debt  was  $123,016,375,  and  the  annual  reyenuesi 
demanded  by  the  €k)Temment  was  $24,000,000,  and  entirely  beyond  our  means. 

Necessity  compelled  an  advance  in  the  duties,  and  the  amended  Act  of  181G  resulted ; 
Imt  the  duties  were  so  unequally  laid  that  they  produced  more  than  double  the  require- 
ments of  the  Government,  without  giving  much  protection  to  our  manufactures,  since 
the  excess  of  imports  continued.  In  1818  the  imports  continued  large,  and  amounted 
daring  that  year  to  $121,750,000,  against  $73,854,437  of  exports,  which  is  greater  than 
the  exports  of  any  other  year  previous  to  1833.  The  drain  of  specie  was  consequently 
very  great  The  ports  of  Boston  and  Salem  alone  exported  $5,000,000  within  the  twelve 
months. 

FIRST  CRISIS. 

In  1819  the  crisis  came,  as  the  inevitable  consequence  of  a  constant  drain  of  specie 
to  pay  for  the  excess  of  importation.  The  Bank  of  the  United  States  had  been  com- 
-pelled  to  import  specie  in  the  first  sixteen  months  of  its  operations,  to  the  amount  of 
$7,250,000,  at  a  cost  of  over  $500,000 ;  while  merchants  paid  a  high  premium  for  gold  and 
•ilrer  to  pay  for  the  excess  of  their  importations.  Our  manufacturers  ruined,  our  work- 
•hops  cloised,  our  money  exhausted,  then  came  the  natural  decline  of  labor  and  the 
Taloe  of  our  exports,  since  Europe  cannot  seU  cheap  goods  and  pay  high  prices  for  food 
and  raw  material;  and  the  result  was  not  only  disastrous  to  the  manufacturers,  but  to 
the  merchant  and  the  agriculturist.  A  general  paralysis  now  fell  upon  all  branches  of 
indnstry;  and  for  the  distress  which  followed,  no  alleviation  was  found  until  the  return 
to  aemi-protective  duties  in  1824.  The  banks  suffered  from  a  lack  of  specie,  and  bank- 
Toptcies  overwhelmed  both  the  merchant  and  shipping  interests.  Merchandise  could 
not  be  sold,  and  ships  found  nothing  to  carry.  Farms  were  mortgaged,  or  sold  at  half 
their  value;  workshops  and  factories  everywhere  closed;  manufacturers  were  forced  to 
abandon  their  pursuits  and  sink  their  capital,  while  their  experts  were  scattered,  and 
forced  to  enter  into  competition  with  the  farmer,  and  swell  the  products  of  the  soil,  for 
irhich  there  was  no  longer  a  market. 

Daring  1822  our  iron  manufacturers  were  silent.  The  highest  price  of  common  bar- 
ifoa  from  1820  to  1824  was  forty-six  dollars,  and  the  average  price  about  for^-two  per 
ton.  The  importation  of  iron  during  this  year  from  Great  Britain  was  15,000  tons, — 
a  small  amount  from  a  present  point  of  view,  but  an  excessively  large  one  then,  almost 
before  railroads  came  into  existence.  The  imports  were  excessive  in  all  manufactured 
articles;  and  while  the  duties  were  in  excess  of  the  requirements  of  the  Government^ 
they  were  not  sufficient  to  protect  our  domestic  industry,  from  which  not  only  had  the 
life  been  crushed,  but  even  the  spirit  of  enterprise  had  departed  from  our  people. 

The  grain-producing  capacities  of  the  country  had  been  increased  five  to  six  fold 
since  1790;  but  the  exports  of  provisions  were  not  greater  than  they  were  during  the 
Htc  years  of  protection  from  1790  to  17951  While  foreign  nations  supplied  us  with 
eheap  iron,  ^.,  thoy  did  not  want  even  our  cheap  flour,  beef,  and  pork. 

The  great  argument  t^  free  trade  is,  that  duties  enhance  the  prices  to  consumers, 
and  "buy  where  you  can  buy  cheapest"  is  its  creed.  The  question  of  markets,  or  how 
^e  may  sell,  is  entirely  ignored.  The  fact  that  the  ability  to  buy  depends  on  our 
in  selling  is  lost  sight  of,  though  thousands  of  examples  have  taught  us  thaA 
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bankruptcy  invariably  resulu  from  over-trading.  We  shall  see,  however,  in  the  utfpA, 
that  we  not  only  sell  our  staples  cheap,  but  buy  our  goods  dear,  under  theichamofyfei 
trade;  not  only  because  goods  are  dear  at  a  shilling  a  yard  when  oom  commaiids  but 
ten  cents  a  bushel,  but  because  the  price  of  foreign  manufactured  goods  always  odMrini 
as  our  own  ability  to  produce  them  decreases.  Let  cotton  cloth  be  an  instance.  Tbit 
branch  of  our  industry  was  inadvertently  protected ;  its  manufacture  was  enooonged; 
profits  resulted;  improvements  introduced;  capital  increased;  and  in  1823,  when  tbe 
prices  of  all  foreign  manufactures  were  low,  cotton  cloth  was  made  in  this  oountiy  with 
profit,  while  almost  every  other  branch  of  industry  languished.  Protection  enabled  the 
]M)or  man  and  the  farmer  to  obtain  his  coarse  cotton  at  half  their  former  prices,  while 
U  supplied  our  people  with  employment,  and  gave  a  profitable  home  market  in  the  oom- 
munity  in  which  the  manufactures  existed.  If  such  was  the  result  in  cotton,  wbj  not 
in  every  other  staple  article, — particularly  iron,  by  which  and  through  which  ererj 
other  branch  of  industry  thrives? 

TARIFFS  OF  1824-28. 

In  1824,  protection  to  our  domestic  industry  was  again  forced  on  the  coontrr  k 
necessity.  The  manufactures  of  the  country  were  diMintegrating  under  the  procereof 
foreign  rivalry,  our  people  were  reduoe^l  to  the  standard  of  foreign  labor,  with  which 
they  were  forced  to  compete;  and  not  only  were  they  compelled  hj/ree  trade  to  tbe 
status  of  the  starving  and  crowded  millions  of  Europe,  from  which  they  had  endesTored 
to  escape  by  emigration,  but  they  were  forced  to  pit  their  bane  and  muscle  against  tbs 
steam-engines  and  labor-saving  machinery  of  England. 

During  the  semi-free-trade  period,  from  1816  to  1824,  the  publio  finances  had  been  » 
much  reduced  as  to  compel  a  resort  to  loans  in  a  time  of  peace  to  save  the  credit  of  tbi 
country;  while  our  agriculture  and  commerce  suffered  from  the  same  caoaee  whidi  driMl 
up  the  sources  of  both  public  and  private  revenue. 

The  total  value  of  dutiable  imports  during  the  four  years  ending  with  1824  wen 
$264,962,457,  and  the  duties  thereon,  $90,430,612,  being  an  average  of  thirty-five  per 
cent.  The  now  tariff  enacted  in  1824  raised  the  average  rate  of  duty  to  forty  and  a 
half  per  cent.,  which  yielded  during  the  next  four  years  $121,637,942  on  an  importation 
of  $301,558,885.  But  this  increase  in  duty,  though  we  should  now  consider  it  high, 
and  which  was,  in  fact,  adequate  to  the  protection  of  established  branehe«  of  donestk 
manufactures,  was  not  sufficient  to  resuscitate  the  dead  spirit  of  our  mined  indnstrr. 
Let  us  notice  woollen  goods,  for  example,  the  duties  on  which  had  been  increased  firon 
twenty-five  to  thirty-three  and  one-third  per  cent. ;  and  on  the  strength  of  this  increase, 
woollen  manufacturers  started  their  mills,  and  new  mills  were  erected ;  bnt  as  soqb  ai 
this  duty  on  imported  woollen  goods  went  into  operation.  Great  Britain  reduced  thedotr 
upon  foreign  wool  from  sixpence  to  a  halfpenny  per  pound,  for  the  acknowledged  puipnee 
of  enabling  her  woollen  manufacturers  to  retain  and  control  the  woollen  trade  of  tbe 
United  States. 

The  cheap  labor  and  labor-saving  machinery  of  England,  her  lomg-eetablished  ftctoriee, 
great  improvements,  and  vast  capital,  proved  too  much  for  our  domestic  manufaetare*. 
notwithstanding  this  high  duty.  Absolute  prohibition  was  required  to  resuscitate  oar 
manufactures,  or  bring  into  existence  new  branches  of  industry,  open  to  European  coo^ 
petition.  From  this  absolute  want  sprang  the  highly  protective  and  almost  prohibiiorj 
tariff  of  1828,  which  resulted  in  '*good  times/'  high  prices  for  labor  and  the  producti 
of  labor,  and  both  publio  and  private  prosperity,  not  only  North,  bat  South. 

The  planting  interests  of  the  South,  however,  always  blind  to  an  enlightened  poller, 
and  governed  by  short-sighted  and  selfish  motives,  rcmonstamted  agninst  the  Tarif  Aft 
of  1828  as  *' unjust,  oppressive,  and  nnoonstitutional.*'    Thej  ware  willing  to  pajr 
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britate  to  England,  but  they  were  not  willing  to  adyanoe  the  beet  interests  of  their 
90BUiMm  floantrj  by  bearing  a  temporary  ill  to  prevent  permanent  disease, — a  disease 
ivliioh  has  since  nearly  resulted  in  disruption,  and  which  has  been  only  cured  by  the 
■oat  eerere  suffering,  the  must  cruel  treatment. 

South  Carolina — always  poor,  little,  discontented,  and  miserable-— passed  her  &mous 
NMificaiion  Act  in  1832;  but  President  Jackson's  *'hemp  remedy"  then  produced  better 
naralts  than  President  Buchanan's  "  cordial"  since.  In  the  fac^  howeyer,  of  Southern  arro- 
|Uioe,  ignorance,  and  croaking,  the  country  prospered ;  the  public  debt  was  paid,  principal 
uid  interest;  manufactures  flourished;  and  many  of  our  most  profitable  branches  of 
lomestio  industry  were  then  firmly  established,-— enabling  us  to  compete  with  England 
A  her  own  markets  for  the  peculiar  goods  whose  manufacturing  had  been  encouraged. 

The  oontinual  hue  and  cry  from  the  South,  coming  from  those  who  were  anxious  to 
lell  the  English  a  pound  of  cotton  for  a  shilling  and  buy  back  an  ounce  at  twonty-five 
sents,  who  racked  their  generous  soils  and  permanently  impoTcrished  the  inheritance 
yoT  a  "mess  of  pottage," — a  few  paltry  dollars  to  spend  in  idleness  and  selfish  luxury, 
— at  length  overcame  the  prudence  of  our  statesmen,  and  led  them  to  commit  the  fatal 
arror  of  repudiating  the  "American  system,"  and  dwarfing  the  growth  of  our  manu- 
Sictures,  which,  otherwise,  to-day  might  have  been  able  to  compete  with  the  world. 

THE  COMPROMISE  ACT. 

In  1833  the  celebrated  Compromise  Act  became  a  law,  and  reduced  the  duties  on 
imported  goods  about  one-half.  The  effects  of  this  reduction  were  not  immediately  felt. 
rhe  change  from  abundance  to  famine  is  gradual ;  warU  comes  when  uxuU  stops  from 
izhaastion.  Our  surplus  supported  us  for  a  time,  but  we  lived  on  our  capital  rather 
ium  its  profits.  This  could  not  last  long,  and  from  plenty  we  were  again  plunged  into 
wrerty  and  general  distress. 

In  1836  the  importation  amounted  to  $189,980,035,  or  an  increase  of  $63,458,703  over 
hoee  of  1834,  the  first  year  of  the  Compromise  tariff,  with  an  average,  for  the  three 
rears  ending  in  1837,  of  $155,465,703  per  annum.  These  excessive  importations  again 
Irained  the  country  of  specie  and  drove  capital  from  the  manufacturing  to  the  ligri- 
nltural  interests,  and  the  result  again  came  in  ruin  to  many  and  loss  to  all.  The 
econd  crisis  commenced  on  the  10th  of  May,  1837,  by  the  suspension  of  the  New  York 
Ankfl»  followed  by  the  banks  throughout  the  Union.  Importation — ^which  still  amounted 
0  about  $141,000,000,  or  $23,500,000  in  excess  of  the  exports— declined  $48,000,000, 
leoause  we  were  drained,  bankrupt,  and  could  not  buy  more  or  make  the  ruin  greater. 
lie  nation  again  became  a  borrower  to  save  its  credit  Bankrupt  laws  obliterated 
adebtednesB,  and  financial  troubles  ensued  which  even  to  this  day  leave  their  marks. 

Thus  we  see  the  cause  and  effect.  There  is  no  speculation  about  it.  History  shows 
i  in  such  clear  and  prominent  letters  that  '*he  who  runs  may  read."  Protection  to 
lomestic  industry  brought  prosperity ;  free  trade  brought  adversity.  The  laws  govern- 
Bg  those  results  are  as  immutable  as  the  laws  of  society,  and  no  mnre.  We  cannot  long 
ontinue  to  spend  more  than  we  earn,  or  to  buy  more  than  we  sell,  unless  we  reverse 
ur  usual  course,  and  instead  of  **  selling  rabbit-skins  for  a  sixpence  and  buying  back 
heir  tails  at  a  shilling,"  try  to  play  that  game  on  others. 

TARIFF  OF  1842. 

The  free-trade  tariffs  have  always  been  experiments,  and  they  always  resulted  disas- 
rously ;  while  our  protective,  or  semi-protective,  tariffs  have  always  been  forced  on  us 
vj  stem  necessity:  yet  they  always  resulted  in  plenty  and  prosperity,  vealth,  growth, 
tnd  power;  whileyres  trade  brought  cnuh,  eriaii,  and  ruin. 

87 
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The  GorernmoDt  was  again  compelled  to  adrance  the  duties,  and  in  1842,  nohrith- 
standing  the  Compromise  Act,  which  was  considered  as  binding  between  the  Noith  nd 
South,  Congress  passed  the  protective  tariff  of  that  year.  It  was  the  result  (^  an  aM^ 
gene  J,  jet  was  proposed  as  a  prudent  and  wise  act  of  legislation  for  the  gen«al  isl^ 
tests  of  the  country,  and  the  effects  were  almost  magical. 

'*  In  1842  the  quantity  of  iron  produced  in  the  country  but  little  exceeded  200.000 
tims ;  bv  184C  it  had  grown  to  an  amount  exceeding  800,000  tons.  In  1842  the  eoil 
•eut  ti>  market  was  but  1,000,250  tons;  in  1847  it  exceeded  3,000,000  tons.  The cottn 
and  wix>Ilen  manufactiures^and  manufactures  of  every  kind,  indeed — grew  with  gntt 
rapidity ;  and  thus  was  made  everywhere  a  demand  for  food,  cotton,  wool,  tobaoeo.  and 
all  the  products  of  the  field,  the  consequences  of  which  were  seen  in  the  fact  that  pricM 
ev«»rYwher«>  n^se,  that  money  became  everywhere  abundant,  that  farmers  and  propertj- 
hoUlors  generally  were  enabled  to  pay  off  their  mortgages,  that  sheriffs'  sales  almost 
ceased,  and  that  the  rich  ceased  to  be  made  richer  at  the  expense  of  the  poor."* 


AD  VALOREM. 

But  this  prosperity  continued  for  a  short  season  only.  The  National  TreasnrjwM 
tvK>  full ;  money  too  plentiful ;  the  tariff  was  t.x>  good;  and  '* tinkering"  and  experiiDest 
wuH  njruin  resorted  to  by  our  statesmen.  It  is  said,  however,  that  the  "lobby"  and 
British  gv>ld  framed  the  tariff  of  1840-47  and  its  ad  valorem  duties.  The  duties  of 
1S42  were  specific,  and  were  collected  on  our  own  valuation  in  cash,  and  the  appniKi^ 
Cv>Uei*tors,  and  naval  officers  had  power  to  examine  parties  under  oath  in  relatioo  to  ^ 
value  of  exported  articles  in  the  principal  markets  from  whence  they  were  exportei 
But  the  tariff  of  1840  gave  to  importers  the  means  of  peculation  and  fraud  by  obteiung 
false  invoices;  and  while  the  duties  were  not  sufficient  to  protect  our  domestic  indmtn, 
they  were  still  made  less  protective  by  the  dishonesty  of  the  British  mannfactoren  vA 
their  agents  hero. 

But  a  still  more  powerful  influence  rendered  our  domestic  manufacturers  lets  alk 
than  usual  to  compete  with  the  foreigner  at  this  time.  Tho  highly  protective  duties  of 
1S42  were  almost  prohibitory  in  many  articles  of  importation.  Our  industry  flourished 
in  consequence;  tbo  prices  of  labor  and  the  products  of  labor  were  high;  monejvu 
plentiful,  and  the  markets  for  home  production  insatiate. 

In  England  the  cape  was  reversed.  The  United  States  were  her  best  customen 
during  the  free-trade  periods;  and  when  these  were  cutoff  by  high  tariff^  the  prieo 
of  labor  and  the  productions  of  labor  there  were  cheap.  Consequently,  the  En^i^ 
manufacturers  were  able  to  sell  their  productions  much  below  American  prices,  whid 
were  then  unusually  high.  English  labor  cost  fifty  cents  per  day,  ours  not  less  thin  oae 
dollar  and  fif^y  cents,  or  three  times  the  price  of  English  labor;  while  the  freights  froo 
England  to  New  York  were  not  greater  than  the  transportation  from  our  manufacture! 
generally  to  the  same  point  Our  labor,  therefore,  should  drop  suddenly  to  the  Englid 
standard  if  we  would  compete  with  them.  But  revolutions  of  this  kind  cannot  be 
effected  in  a  day  or  a  year.  Prices  and  regulations  cannot  change  so  suddenly.  Bink- 
ruptcy  and  ruin  come  to  communities  slowly.  Foreign  goods  sell  cheap  at  first,  when 
we  are  rich,  but  dear  at  last,  when  wo  are  poor.  Those  are  natural  results;  but  Briti^ 
policy  encourages  them,  and  British  avarice  hastens  to  take  all  the  advantages  thej 
offer. 

It  is  strange  that  statesmen,  with  our  history  before  them,  and  the  examples  of  former 
years  fresh  in  their  memory,  should  legislate  for  the  destruction  of  domestic  indurt7 
and  in  favor  of  our  foreign  rivals.    The  disastrous  results  of  a  free-trade  poUey  hw 
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been  demonstrated  again  and  again.  Rain  always  followed  in  its  wake;  while  proteo- 
aoa  always  brought  prosperity,  *'good  times,"  and  high  prices  for  labor  and  the 
iroducts  of  labor.  Tet,  strange  as  it  may  appear,  we  were  again  to  try  the  "blessings 
f  free  trade"  as  taught  by  British  economists.  We  were  to  experience  once  more  the 
mintifkil  precepts  so  lovingly  taught  us  by  our  good  cousins  over  the  water;  but  we 
gnored  their  example.  The  free-trade  tariff  of  1846-47  took  the  place  of  the  protective 
ariff  of  1842.  When  this  free-trade  tariff  went  into  effect,  we  were  rich;  plenty  every- 
rbere  existed;  our  vaults  were  full  of  gold,  and  our  people  enjoyed  prosperity  and 
Imndance.  All  this  could  not  change  suddenly.  Our  wealth  did  not  vanish  in  a  day 
tar  a  year.  But  a  crisis  was  imminent  in  1850.  The  gold  of  California  only  put  it  off, 
Q  1852-53  we  exported  $97,000,000  in  specie  to  pay  for  goods  which  we  should  have 
tade  ourselves.  But  the.  treasure  of  California,  though  it  flowed  in  a  steady  stream 
f  millions  from  the  Golden  Gate  of  the  West,  only  put  off  the  evil  day  by  paying  the 
normous  losses  of  our  free-trade  hobby.  In  1857  came  the  third  crisis,  and  we  were 
oor  indeed.  The  profits  of  former  industry,  the  millions  of  California,  the  labor  of 
lany  years,  all  wasted  by  the  insatiate  demands  of  free  trade,  or,  worse,  gone  into  the 
ockets  of  our  enemies  and  rivals. 

This  crisis  came,  perhapn,  at  the  proper  moment,  since  it  was  necessary  to  shape  the 
ablic  sentiment  in  proper  form  for  the  great  results  which  were  to  follow.  It  left  us 
oor,— our  factories  closed,  our  manufacturers  ruined,  our  experts  scattered;  but  it 
Mi|^t  our  people  wisdom,  and  prepared  their  minds  for  the  advent  of  the  slaveholders' 
Bbellion, — though  their  pockets  and  their  means  of  defence  were  sadly  deficient  in  con- 
Bqvence.  In  1860-61  came  a  change  in  political  parties  and  political  eoonomy.  **Pro- 
wdoB  to  our  manufactures  was  accepted  as  protection  to  our  farmers,'^  and  adopted  as 
plank  in  the  Republican  Platform. 

**  Better  reform  late  than  never."  But  let  us  see  how  great  the  emergency,  how 
eoeaaary  the  change  from  free  trade  to  something  like  protection,  and  how  illy  prepared 
'e  were,  in  consequence  often  years  of  the  "crushing-out"  process,  to  meet  the  gigantic 
emands  which  the  war  so  suddenly  forced  upon  us, — how  indispensable  those  manufao- 
ires  which  we  refused  to  protect  in  peace  were  to  our  protection  in  war. 

Jn  1849  and  1850,  the  quantity  of  English  railroad  iron  rushed  into  American  markets 
'ere  200,000  tons,  at  $40  per  ton,  to  which  low  price  we  had  forced  it  during  our  season 
r  protection.  Our  mills,  which  produced  41,000  tons  annually,  and  were  then  capable 
r  producing  70,000  tons,  were  reduced  to  16,500  tons  average  during  these  years. 

The  furnaces  went  out  of  blast,  because  the  market  for  pig-iron  was  destroyed  by  the 
xypping  of  the  mills.  Under  these  circumstandes,  in  order  to  save  themselves  from 
sioal  ruin,  our  manufacturers  asked  simply  for  protection  against  actual  loss,  or 
loagh  to  allow  them  $50  per  ton  for  iron  which  was  one-third  more  valuable  than 
nglish  iron ;  but  Congress  refused  to  help  them ;  they  permitted  our  foreign  rivals  to 
11th  out  competition.  Our  productions  fell  from  800,000  ^ns  of  pig-iron  per  annum 
I  less  than  500,000  tons,  instead  of  increasing  as  formerly.  England  then  stepped  in 
V  cor  trade,  and  before  competition  could  be  again  restored,  the  price  of  iron  went  up 
om  $40  to  $80  per  ton  I  At  enormous  prices,  England  supplied  us  with  no  less  than 
000,000  tons  of  rails  in  the  four  years  1851-54. 

The  additional  price  paid  during  those  four  years  by  our  railroad  companies  as  a 
snalty  for  permitting  American  competition  to  be  erushed  out,  could  not  be  less  than 
^0^000,000,  which  went  into  British  pockets.  This  crushing-out  process  culminated 
ith  the  crisis  of  1857,  and  left  our  factories  closed,  our  workshops  idle,  our  furnaces 
it  of  blast,  our  mills  deserted,  our  exports  scattered,  our  capital  sunk,  our  credit  d^ 
royed,  our  iron  industry  crippled,  and  the  munitions  of  war  consequently  unavailable. 

This  was  our  condition  on  the  breaking  out  of  the  rebellion,  though  we  had  been  for  a 
hole  decade  in  possession  of  mines  of  treasure  that  yielded  us  more  than  $500^000^000 1 
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all  of  which  had  gone  to  Europe,  without  enabling  us  to  pay  our  waj,  or  make  op  lor 
the  annual  loss  of  our  free-trade  experiment;  while  we  owed  not  leas  than  $500,000,000 
in  addition  to  English  or  European  capitalists,  on  which  we  could  ecarcely  pay  the  inte- 
rest, and  our  credit  was  so  low  that  our  bonds  found  no  further  purchaaera.  So  mock 
for  free  trade  1    These  are  its  lessons.    Will  we  never  profit  by  our  sad  experience  T 


"  THE  PROTECTION  OP  WAR." 

The  limited  tariff  of  1861  could  not  have  had  the  effect  of  suddenly  starting  on 
factories  and  reviving  our  industry  to  the  astonishing  extent  we  have  witneeaed  during 
the  past  three  years.  In  1812,  the  demands  and  ''protection"  of  war  reyiTed  our  in- 
dustry, and  brought  wealth  and  prosperity.  In  1861,  and  during  four  years  of  the 
most  costly  and  tremendous  war  the  world  has  ever  known,  we  have  increased  in  num- 
bers, wealth,  and  general  prosperity.  Our  losses  in  treasure  were  and  are  greater  under 
the  demands  of  free  trade  than  under  those  of  war.  We  can  better  afford  to  paj 
$2,000,000  per  day  to  our  soldiers  and  manufacturers  at  home  to  protect  our  domestic 
industry,  than  we  can  to  pay  England  to  do  our  manufacturing  in  iron  alone.  We  can 
better  afford  to  pay  the  interest  on  $3,000,000,000  to  our  own  people  on  our  own  capitsl, 
than  to  pay  the  balance  of  free  trade  to  Europe  I  The  first  is  accumulative,  while  the 
second  is  exhaustive. 

During  the  war,  our  production  of  pig-iron  increased  to  1,300,000  tona,  and,  with 
protection,  it  can  be  made  to  double  itself  every  five  years,  with  an  annual  decrease  in 
cost.  Our  rolling-mills  produced  283,560  tons  of  rails  in  1864,  and  poasesa  a  capadtj 
of  700,000  tons  per  annum  of  rolled  iron. 

The  protection  afforded  by  the  war  has  now  partially  ceased,  and  that  giyen  by  tlw 
tariff  of  1861  is  rendered  ineffectual  in  some  cases  by  the  operation  of  direct  taxei, 
particularly  on  our  iron  manufactures.  The  Republican  party  pledged  themselves  to 
give  "protection  to  the  farmer  by  bringing  the  consumer  to  his  side;"  but  we  find  the 
reverse  to  be  true  at  present,  and  free  trade  virtually  rules  to-day  over  many  importans 
branches  of  our  domestic  industry. 

The  duty  on  iron  is  nominally  $15.68  per  ton  of  2240  pounds.  The  direct  taxes  pud  bj 
the  manufacturer  are  $8.40  per  gross  ton,  and  the  indirect  taxes  $7.83, — making  a  tottl 
of  $16.23  paid  by  the  iron  manufacturers  on  a  ton  of  rails,  or  55  cents  excess  of  tsx 
over  duty.*  The  only  protection  now  afforded  is  in  the  premium  on  gold,  which  ire 
cannot  wish  to  continue.  AVe  are,  therefore,  to-day,  though  under  a  Government  pledgs 
to  protection,  on  the  road  to  crash,  crisis,  and  ruin,  which  is  sure  to  follow  free  trade. 

Our  exports  for  the  first  ten  months  of  the  present  calendar  year — 18C5 — ^were  valued 
at  $86,500,000  in  specie,  while  our  imports  for  the  same  time  amount  to  $168,500,000 
in  specie  !^-or  an  excess  of  $82,000,0001 ! — which  must  be  paid  for  in  gold,  or,  worse,  in 
Government  bonds,  bearing  interest,  of  which  over  $1,000,000  go  to  Europe  every  weeL 
It  is  kftoum  that  more  than  $500,000,000  of  railroad  and  State  bonds  are  held  in  Europe, 
on  which  the  highest  rates  of  interest  are  paid,  and  it  is  feared  that  over  $500,000,000 
Government  bonds  have  already  found  their  way  to  the  same  hands. 

We  presume  that  a  direct  loss  has  been  suffered  in  this  last  transaction  of  at  least 
$250,500,000.  Many  of  these  bonds  were  sold  at  a  discount  of  150,  and  none  less  than 
40  per  cent. ;  an  average,  therefore,  of  50  per  cent,  is  less  than  that  which  has  been 
paid.  For  this  $250,000,000  we  have  nothing  to  show ;  and  yet  the  interest  is  entailed, 
because  we  have  absorbed  the  capital  in  excess  of  imports. 

We  can  far  better  afford  to  war  with  all  Europe,  year  afler  year,  than  ^ve  her  free 
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Inde,  the  best  of  our  mftrkets,  and  pay  the  balance  of  "profit  and  loae"  in  bonds  at  46 
per  cent,  discount. 

Ten  jean  of  such  intercourse  would  lead  us  to  irreparable  ruin, — ^repudiation^ — ^while 
ten  years  of  war  with  all  Europe  would  afford  us  full  protection,  wipe  out  our  debts, 
and  save  us  an  annual  drain  of  specie  which,  under  free  trade,  would  not  be  less  than 
$100,000,000  per  annum.  Could  we  not  far  better  pay  $2,000,000  per  day  to  our  own 
soldiers,  and  those  who  furnish  army  and  nayy  supplies,  to  afford  us  the  "  protection  of 
war,''  rather  than  pay  an  annual  loss  so  enormous,  so  ruinous?  The  taxes  paid  to  oar 
g^remment  i^  not  a  loss  to  the  country.  It  passes  from  hand  to  hand,  and  rather  in- 
ereases  than  diminishes  the  wealth  of  the  people,  since  it  is  paid  principally  on  capital 
famished  by  the  government,  on  which  we  realize  a  profit  after  paying  the  interest. 
But  we  can  far  better  afford  to  pay  and  keep  in  the  field  500,000  soldiers  than  allow  the 
domeetio  industry  of  30,000,000  to  languish,  and  pay  Europe  to  work  for  us.  We  had 
better  tax  the  industry  of  the  country  $2,000,000  per  day,  than  lose  a  larger  amount  by 
idleness,  and  the  want  of  profitable  employment,  by  crushing  out  the  spirit  of  industry 
by  free  trade  1 

THE  WEALTH  OF  NATIONS. 

Having  presented  a  brief  r68um6  of  our  tariff  Acts  and  their  results, — showing  the 
•rils  of  the  one  and  the  benefits  of  the  other,  as  demonstrated  in  protective  and  free- 
tnde  tariffs, — ^we  now  offer  a  concise  and  practical  illustration  of  the  ways  and  means 
to  national  prosperity,  or  in  what  consists  the  wealth  of  nations. 

A  nation's  wealth  consists  principally  in  her  natural  resouroee;  secondly,  in  the  in- 
telligence, skill,  and  industry  of  her  people.  A  country  may  be  rich  in  all  the  bountiful 
gifts  of  nature,  as  Mexico  and  China,  and  yet  without  the  ability  to  profit  for  the  lack 
cf  intelligence,  skill,  and  industry.  We  find  the  people  of  New  England,  who  have  not 
Biaeh  to  boast  of  in  their  barren  hills,  far  more  wealthy  and  prosperous  than  those  of 
Virginia,  who  for  centuries  have  been  delving  in  miserable  poverty  among  the  untold 
xiohes  of  a  most  magnificent  country. 

England  possesses  both  in  an  eminent  degree,  and  prospers  wonderfully  by  their  com- 
bination. She  has  more  available  coal  than  exists  in  all  other  parts  of  Europe,  and 
perhaps  her  iron  and  tin  and  copper  are  on  a  corresponding  scale.  She  certainly 
BMkee  the  best  use  of  them. 

Her  intelligence  taught  the  use  and  value  of  iron,  and  her  people  were  the  first  to 
BMke  it  on  the  grand  scale,  with  mineral  coal  for  fuel, — ^first  in  the  blast-furnace  for  the 
production  of  cast  iron,  then  in  the  puddling-fumace  for  the  elaboration  of  the  bar. 
Skill  and  industry  were  the  handmaids  of  science.  What  the  intelligent  mind  pro- 
posed, the  willing  hand  did  skillfully.  This  knowledge  brought  her  power  and  wealth. 
Steam  obeyed  the  ingenious  Watts,  and  strong,  tireless  motors  of  iron,  breathing  fire 
and  steam,  sprang  forth,  full-grown,  like  Minerva  from  the  brain  of  Jupiter,  to  labor 
lor  the  intelligent  Englishman. 

While  the  people  of  the  South  bought  slaves  of  fiesh  and  blood, — men  and  women, 
with  all  the  failings  and  ills  of  humanity, — and  drove  them  to  the  fields  under  the  lash 
of  the  taskmaster,  the  people  of  both  Old  and  New  England  bought  or  made  the  tire- 
less "  iron  slave," — the  steam-engine, — ^which,  directed  by  intelligence  and  skill,  was  a 
hundredfold  more  valuable  to  the  owner  or  master  than  the  negro  slave.  The  price  of 
the  latter,  say  $1000,  bought  seventy  times  the  power  in  the  former.  Each  horse-power, 
costing  one  hundred  dollars,  does  the  work  of  seven  men  while  employed ;  but  since 
human  limbs  grow  tired  and  the  iron  wheels  do  not,  we  may  say  that  each  horse^wer, 
directed  by  intelligence,  is  worth  ten  ignorant  negro  slaves. 
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■at   -t***   *■*  '^*^'  ^^*  machinery  i>f  government  moving,  but  to  increaM  the 

"^,„  .-* '  i^***«^*  ■'*  ^^^  nation.     "  Will  it  pay?"  seems  to  be  the  first  consideration 

■  ,  rt  •  '*•'-  *•  *"**  ^^^^^  trwtry :  and  so  far  they  have  made  few  mistakes.    Every 

^'^  '      „^  ••Iii  -•**''?  r«*und  of  iron  dus  from  her  extensive  mines  has  pidd  a  profit 

itw»   ib^'  •  •^«*'*  *****  ^'^'^  pi-^und  of  wool  which  she  has  imported  has  added  to 

^*'     •rt».»k     Her  ship*  oarrr  f.»r  the  world,  and  the  world  pays  roundly  for  it;  ted 

.^^^cMuttiiuvM  ^^  ^ve  her  v;ut  lalcr-saving  machinery  profitable  employmcot 
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f  finding  profitable  markets,  bo  long  will  her  wealth  increase.  But  should  her  markets 
il  and  her  ships  lie  idle,  England's  wealth  will  be  sadly  depreciated 
The  prosperity  of  nations  is,  therefore,  much  like  that  of  individuals.  Industry  and 
■ndent  management  are  almost  sure  to  accumulate ;  while  idlenebs  and  ignorance  or 
liy  are  lore  to  lead  to  ruin.  The  want  of  profitable  employment  is  a  misfortune. 
TbA  condition  of  the  American  people  is  widely  different  from  that  of  the  English. 
leir  manufactures  came  into  existence  without  opposition,  because  they  led  the  world 
improvements  and  were  the  first  to  put  iron  and  steam  into  harness.  Human  thows 
old  not  compete  with  limbs  and  wheels  of  iron.  We,  on  the  contrary,  were  forced 
to  competition  with  England  under  the  most  unfavorable  circumstances.  She  con« 
Dlled  us,  not  only  by  superior  manufacturing  ability,  but  by  prohibitory  laws ;  and, 
bile  the  only  people  on  the  earth  whose  natural  resources  are  equal  to  competition, 
I  have  been  her  best  customers,  and  have  paid  her^  first  and  last,  thousands  of  mil- 
ms ;  though  we  have  furnished  her  manufacturers  more  raw  material  than  all  the 
si  of  the  world  combined. 

Unlike  England,  we  find  our  best  markets  at  home.  Our  country  is  thirty  times 
oaler  in  extent  than  the  island  of  Great  Britain;  our  productions  are  more  diversified, 
'a  produce  the  raw  material,  and  can  furnish  food  to  any  extent.  Our  people  are  as 
laUigent,  our  mechanics  as  skilful.  Our  natural  wealth  is  also  thirty  times  greater 
an  hers,  acre  for  acre,  because  our  mineral  resources  are  in  excess.  We  have  one 
uare  mile  of  coal  for  every  fifteen  of  territory ;  she  has  one  for  every  twenty  of  tcrri- 
[J ;  while  our  resources  in  iron  are  equal  in  comparison.  Our  soils  are  naturally 
sher,  and  are  capable  of  feeding  the  world.  Our  mountains  produce  gold,  our  fields 
a  white  with  cotton,  while  every  product  of  Europe  finds  a  congenial  climate  here, — 

•  grape  of  France,  the  silkworm  of  Italy,  or  the  merino  sheep  of  Spain. 

With  these  unparalleled  resources,  intelligence,  skill,  and  industry,  why  are  we  buying 
im' Europe  at  this  moment  double  the  amount  of  our  sales?  Why  are  we  spending 
K&ble  our  income?  Why  are  we  so  much  in  debt  to  England?  Why  is  our  vast 
taral  wealth  unavailable  ?  Why  do  we  go  to  England  for  iron,  while  we  are  thirty 
nes  richer  in  ores  and  coal  than  she  is?  Simply  because  we  send  our  surplus  capital 
£iiiope  for  goods,  instead  of  investing  it  in  labox^aving  machinery,  railroads,  mined, 
maces,  and  mills,  and  in  creating  and  sustaining  a  domestic  industry  which  would 
Bid  from  ten  to  twenty  per  cent.  If  sent  to  Europe,  our  gold  is  lost  to  us ;  we  receive 
benefit,  except  in  the  temporary  wear  of  a  coat  or  a  rail.  But,  if  invested  in 
lohinery  to  produce  the  coat  and  the  rail,  we  not  only  save  their  cost,  but  we  have 
B  means  of  reproduction.     It  becomes  productive  wealth.     Hod  we  manufactured  all 

•  iron  we  have  purchased  from  England  since  the  Revolution,  we  should  not  only  have 
red  the  $500,000,000,  or  perhaps  double  that  amount,  which  we  have  spent  for  the 
xpose,  but  it  would  have  boon  invested  in  labor-saving  machinery,  mills,  furnaces, 
1.9  which  would  net  us  at  least  ten  per  cent,  profit  and  enable  us  to  compete  with 
igland  in  the  manufacture  of  iron. 

At  the  period  which  we  name,  or  during  the  Revolution,  our  ability  to  produce  iron 
iS  greater  than  that  of  England,  and  the  amount  actually  produced  was  not  much 
ML  Had  we  been  protected  by  tariiT,  or  war,  ever  since,  against  the  cheap  labor  of 
ixope,  the  amount  of  iron  consumed  in  this  country  would  have  been  increased  per- 
.pa  tenfold,  and  the  prices  reduced  much  below  those  which  have  ruled.  We  should 
ig  ago  have  substituted  the  steam-engine  for  the  negro  slave,  and  have  saved  blood  as 
HI  as  treasure  by  the  exchange. 

The  wealth  of  England  at  the  close  of  the  Revolution  was  not  one-tenth  of  its  present 
oportion.  Our  wealth  to-day  may  be  stated  at  $20,000,000,000,  Inflated  as  all  values 
B  now,  while  that  of  England  is  $100,000,000,000,  on  a  substantial  basis.    Our 
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$20,000,000,000,  however,  is  not  dow  productiTe.    We  are  going  in  debt  ererj  dty; 
while  her  $100,000,000,000  is  constantly  acoomulating. 

Our  censas  returns  show  an  average  increase  of  over  8  per  eent.  per  annum  m  tke 
loyal  Stated;  but  they  also  made  the  increase  of  wealth  in  the  Sonthexn  States  over  9 
per  cent.  Was  that  real  or  productive  wealth?  If  so,  where  is  it  now?  Thewtrooit 
the  North  more  than  it  cost  the  South ;  yet  war  made  as  richer,  while  it  msde  dwm 
poorer.    Their  wealth  was  not  productive. 

During  the  war  we  accumulated  wealth,  though  we  spent  nearly  $2,000,000  per  dtj 
in  sustaining  our  armies.  To-day  we  are  losing  it  in  vain  competition  with  the  ehetp 
lab.>r  of  Europe.  Then,  every  man  not  in  the  army  was  at  work,  with  mind  or  limls 
aud  thousands  of  steam-engines  were  laboring  unceasingly.  Now,  hundreds  of  thos- 
ttands  are  ct>mparativcly  idle,  and  our  steam-machinery  finds  scarce  half  employisent 
Ten  years  of  free  trade,  such  as  we  now  suffer,  would  bring  crash,  crisis,  and  ruin,  witk 
repudiation  and  shame;  while  ten  years  of  war  with  all  Europe  would  wipe  oat  our 
debts  and  make  our  natural  resources  available.  But  a  protective  tariff  will  secure  by 
peaceful  means  better  results  than  can  be  obtained  by  war. 

PriHluctiTe  wealth  does  not,  therefore,  consist  in  fields  of  coal  or  mountains  of  OR^ 
in  bales  of  cotton  or  hundreds  of  thousands  of  slaves,  but  in  our  own  ability  to  nub 
them  available  and  profitable.  We  may  own  $20,000,000,000  of  inflated  stock,  but  if 
it  does  not  pay  it  is  not  wealth.  Our  furnaces,  mines,  mills,  factories,  and  shipi  ait 
not  productive  of  wealth  if  they  cannot  supply  our  wants.  We  may  mortgage  them,  u 
we  are  now  doing,  and  live  on  the  proceeds  thus  obtained  for  a  season ;  but  crisis  lai 
ruin  come  at  last. 

We  cannot  compete  with  the  cheap  labor  of  Europe,  or  the  labor-saving  machmay 
of  England,  unless  our  people  will  work  for  the  starvation  prices  of  the  Old  World;  isi 
even  then  we  cannot  do  so  without  the  assistance  of  steam  and  machinery. 

The  Irish  in  Ireland  labor  cheaper  than  the  English  in  England,  Imt  they  do  Mt 
grow  rich.  Labor  in  Turkey,  Hindostan,  and  South  Carolina  has  always  been  kniff 
than  it  has  been  in  England,  but  can  it  compete?  Japan  is  rich;  her  labor  bchcsp; 
but  how  long  would  it  take  England  to  fleece  her,  without  protection  to  her  industry? 

It  is  scarcely  possible  to  express  the  wealth  of  nations  in  a  word;  but  by  thuit  itii 
acquired,  with  that  knowledge  which  turns  all  it  touches  into  gold.    In  this  senses 

"Knowledge  is  Power'* 

POLITICAL  ECONOMY. 

Political  economy  as  a  science  embraces  a  wide  range  of  subjects.  We  propose,  bov- 
ever,  to  consider  it  practically,  and  only  in  its  relation  to  our  domestic  industry  sod  Um 
development  of  our  resources. 

Free  trade  is  very  simple.  Its  name  is  attractive  to  a  free  people ;  and  it  woaM  lie 
very  acceptable  if  all  nations  were  governed  by  the  same  laws,  the  same  interests,  Msi 
the  same  habits.  Even  then,  those  having  the  most  productive  soils  and  the  ricbert 
minerals  would  become  wealthy  at  the  expense  of  those  who  were  deficient  in  natonl 
resources.  But  since  this  is  not  and  cannot  be  the  condition  of  the  world,  politiesl 
economy  becomes  a  necessity.  It  protects  the  weak  against  the  strong,  the  poor  agsinrt 
the  rid).  It  provides  measures  for  the  proper  recompense  of  labor,  the  encouragemeatof 
industry,  pn^tects  private  enterprise  and  fosters  public  welfare.  It  should  preserre  fo 
AnierioanH  the  magnificent  natural  wealth  of  America.  It  should  protect  our  indostiy 
from  the  lnl)or-saving  machinery  and  capital  of  England,  and  our  people  frcmi  the  cfaesp 
labor  of  Europe.  That  is  not  economy  which  squanders  the  bountiful  gifts  of  nstsre 
and  neglects  domestic  thrift, — which  advocates  free  trade,  and  consequently  brings  tbi 
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rtandard  of  free  labor  in  America  to  the  level  of  the  starying  millions  of  Earope. 
The  great  olgect  of  political  economy  shoald  not  be  to  encourage 

CHEAP  LABOR, 

nt  to  proTide  free  men  with  a  fair  share  of  the  profits  of  labor,  and  some  benefits  fh)m 
he  natoral  wealth  of  their  country. 

The  cheap  labor  of  Europe  represents  "  coarse  food,  mean  clothes  and  lodging,  political 
nlliij,  ignorance,  and  serfdom,"  without  encouragement  or  opportunity  to  rise  above 
le  ocmdition  of  dependence  and  poverty. 

The  free  labor  of  America  represents  an  abundance  of  the  best  food,  the  clothing  of 
gentleman,  a  home  of  independence  and  domestic  comfort,  choice  of  occupation,  par- 
eipation  in  government,  with  inducements  and  opportunity  to  acquire  wealth,  honor, 
Bd  position. 

Free  trade  reduces  American  yWe  labor  to  the  standard  of  European  cheap  labor;  but 
roteetion  to  our  domestic  industry,  by  a  judicious  economy,  prevents  the  one  and 
lenres  the  other.  It  seems  preposterous  to  argue  so  plain  a  matter  as  this.  These 
leti  are  "self-evident."    But  the  advocates  of  free  trade  advance  the 

FARMER  AND  THE  PLANTER 

I  the  first  or  principal  producers  of  wealth,  and  those  whose  interests  should  be  the 
rsl  eonsnlted.  It  is  true,  these  are  our  great  and  vital  interests  at  present,  and  these 
itereets  we  are  most  anxious  to  serve.  But  how  does  free  trade  benefit  the  one  or  the 
ber?  How  can  we  serve  them,  if  we  neglect  the  manufacturer  and  the  mechanic? 
We  can  have  no  home  markets  if  we  are  all  farmers  and  planters,  and  the  mann- 
etarers  of  Europe  cannot  buy  more  from  us  than  they  sell  back  to  us.  They  have 
wmjB  bought  less  than  they  sold.  If  they  buy  a  bale  of  cotton,  they  pay  for  it  with  a 
eoe  or  bolt  of  cloth.  If  they  want  a  barrel  of  flour,  they  send  us  a  bar  of  iron.  But 
we  had  the  manufacturer  and  the  mechanic  side  by  side  with  the  farmer  and  the 
•nter,  we  could  obtain  two  bolts  of  cloth,  or  two  pieces  of  calico,  and  two  bars  of  iron» 
r  the  same  price. 

It  is  notorious  that  the  protection  of  war  has  advanced  cotton  from  six  cents  to  fifty 
nts  a  pound ;  while  we  know  that  free  trade  reduced  it  from  twenty-five  cents  to  its 
west  limit  Free  trade  reduced  com  to  ten  cents  or  less  per  bushel,  while  protection 
iTanced  it  to  fifly  cents  and  above. 

That  is  not  economy  which  robs  the  generous  soil  of  all  its  richness  in  order  that  its 
t>daction8  may  be  sold  cheap  in  foreign  markets.  Tet  such  has  been  the  economy  of 
e  planter  and  farmer  in  this  country.  The  soils  of  Virginia  and  the  Carolinas  are 
larly  exhausted,  and  yet  the  planters  did  not  acquire  wealth,  though  provided  with 
e  cheapest  of  labor,  which  only  received  coarse  food  and  scanty  raiment  for  its  hire. 
le  result  is,  exhausted  lands  and  poverty-stricken  people.  The  magnificent  prairies 
the  West  yield,  year  by  year,  less  and  less  to  the  farmer,  because  ^eir  export  trade 
.jt  but  a  scanty  pittance  for  their  labor,  and  returns  nothing  to  the  impoverished  soiL 
But,  while  free  trade  is  racking  the  rich  soils  of  the  planting  South  and  impoverishing 
e  prairies  of  the  farming  West,  the  sterile  hills  of  manufacturing  New  England  are  in- 
easing  in  richness  and  production ;  while  the  soil  of  Qreat  Britain,  which  cannot  com- 
jre  with  those  of  the  South  and  West  in  original  yield,  now  produces  from  two-  to  three- 
Id  greater  crops  It  is  therefore  evident  that  the  farmers  and  planters  are  decreasing 
itead  of  increasing  the  national  wealth,  by  exhausting  the  strength  and  consequently 
preciating  the  value  of  the  soils,  and  that  free  trade  and  foreign  markets  cannot 
torn  the  wealth  thus  extracted.    The  conclusion  is  pliun. 
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THE  MINER,  M.OfUFACTUREB,  AND  MECHANIC 

luw-i  *A*.vx  *il.-  Vt  *:d^.  r  is  ih-?  «ame  Lvmmunity  with  the  planter  and  the  farmer,  if 
\,o  >ft .-.",.  :.•  ir^.ii:  I;  cr  t-i^Ti-i-.-vc:  rt*jun:e:s  increase  in  wealth,  and  keep  step  with 
r ■;  ■  ...-^  ^-*:>*  .£  '-z:*f  -  c-o»  i-'i  .'Lv-.liiAiii.-n. 

l'-!>«  xx.«.ajii2>fii  A-j-i  *c-.'^^*irLi  .t  the  barbarous  ages  used  their  fingers  for finb, 
A.  :  :  «-i.  :>  i"  -■  -"*  i  t-t?  i-:«i  :i<rii  t:r  cl«.'ihing;  yet  their  Tubal-iAins  were  forced 
V  ^:«L«i-  *at«ui  wtr:!  t3.':>»  ^sA  intfCrumeots  of  brass.  The  saTages  of  America  d^ 
-v,  1 .  :  ii  ii'.r  r^kie  iit«v2aiLJUAk  »kul  in  constructing  snares  and  bows  and  arruwB  for 
..  «  :.>  ::•  *i.  r>!aa.&  :c  A^ca  >>we  their  precarious  and  misorable  exiitenee 
ti   «    ■    :'..  r  ;:c»^Q  i.r^  -sxja  tj  ae  aanral  fruits  of  the  earth. 

■'^  ^  .  -».:j  I  .V  a*:e  v  j-.^id  is  fruit  without  some  instrument  of  mecfasnial 
-u^r'..  :  ::.  T^tf  *arr.-i  <gl-&  Jt  u:<  Indian,  the  wooden  plough  of  the  Ri)man,  the 
^. .      '  ^'.;.r    .     '.;j'  c"^-^ii*.iicn    :r  ±e  »ceam  cultivators  of  to-day,  must  be  maik 

,xx   Mrrnbmn  with>'ut  the  aid  of  iron  and  those  metals  which 
^    >.«      ^.    *^a.^   \     vfcT  &«  »^  pieojure:  but  we  cannot  obtain  them  without  tbe 

..^^..SikSBrer  iwr  .-au  we  ta&hion  them  to  uur  wanta  without  the  akill  of 

,*.    .:•«-•■.•.;«-'  kra  {ulce  as  essential.     The  ancient  manufacturer  mstle 

;..£>•  '.iiiiiuu  of  to-day,  blowing  his  fires  thrvmgh  a  sheep-fkis 

^^^     ^     >-  «f  -  <   ki..  --vMrta  -.i  metal  per  day!    Science  has  increased  the  productiuo 

.., .    -^  •».&i.w^     .'ur  .uicei«cors  in  England  carried  their  coal,  ore,  and  inaioo 

^^^       -  .4M*i    '*i^   M*«#  in  1600;  and  fif\y  years  ago  the  planters  of  Virgisit 

..     .  «.^j>«i««i»»   t   .uiMMvo  frt>m  Danville  to  Richmond  I*     Stoam  now  dec*  tk 

.     ^  .  .«  ^MMtftaioui  uirr^iise.     It  is  thus  manifest  that  the  miner,  manufacturer. 

^^     <.«^«   ■*«       -«-«  '^'^    *^^y  useful  to  the  planter  and  the  farmer,  but  aUsolutely  iudi^ 

^    ^^    .      "H..   St*  tiv  laiidmaids  of  science  and  skill.    It  is  said  that  John  Bandolph 

«  .  «  K    ^••-M'  H^*v«tj  ^ia  door, 

"Let  no  mechanic  enter  here;" 

^  ..i^i^   hcic  ho  wn^to  these  words,  or  that  the  principle  expressed  existed  in 

>    Kurc,  tor  the  good  of  humanity  and  the  emancipation  of  the  slsve: 

:.    ..%i  •ii>Ai  ihoy  have  shed,  the  desolation  they  have  caused  the  unfortonsu 

.  ^     .  1.  .  •loiiuihv'turer,  and  mechanic  are  not  only  absolutely  necessary  for  the  pio> 

..  uid  oli'thiiig,  but  they  furniHh  the  means  of  promoting  intelligence  and 

...    iK'  'iwN'ciaiitios,  comforts,  pleasures,  and  luxuries  of  peace,  and  the  iapl^ 

»-.i»iix\-  '11  war. 

.1^  .     .u  ^x  4:^*  k^vidcnt.     It  U  manifest  that  the  richest  soils  must  become  eventuillT 

i  \«JuoIcss,  by  c^>ntinual  drains  on  their  resources,  without  recompeiM; 

.  .\   4,^.  1^  i:*iur.il  }Hvplo,  therefore,  adds  nothing  to  the  permanent  wealth  of  their 

.    .» A.\v  i  ^vmbiniM  manufacturing  and  agricultural  community  constantly  grovt 

'  M.  .V  4>v  iiiAuy  oxaniplos:  but  let  Virginia  and  Massachusetts  stand  in  evidenca 

,1,    ■'  ..i^  1  Mt44  uatumlly  rich,  but  is  now  poor;  the  latter  was  naturally  poor,  bat ii 

,.  »»    i«  .1. 

'««..  •  'iiivN  Agricultural  a^mmunity,  as  we  have  shown,  cannot  exist  to^ay  witbont 

.K   » .i   "  i"**'  i«*«wt»otuTvr:  and.  since  the  first  cannot  fail  to  grow  poor  without  ihe 

.'XV I  •■.»   'I  »^o  "^^vnd.  it  cannot  l»e  a  question  in  political  economy  as  to  the  relatJrt 

^o^'*  »k-*.o'^  ^'*'  wMuc  t\>ni»i^n  or  domestic  productions.  

^H  ,  *  ».  «  ».— «*»,^ii  i«o«h«%l  «t  Ihjil  tinit.    A  pole  wai  pat  through  the  hogahMit  uid  left  pr^f «<tii» •!  «* 
^ »    .,    ......  ^  »•  «^4v  «it*»  fc*»l  "  n»n(ju«»»"  to  which  ox«u  were  harnoeeed :  when  tli«  oxen  polled,  the  haff^M^ 

., !.,  .^  %-  i  •*.  r>«^*^«*  e»l»  •cNd  ••  •»  axl.. 
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The  miner,  mannfacturer,  and  mechanic  must  labor  side  by  side  with  the  planter  and 
the  fanner,  not  only  in  order  to  obtain  the  best  results  and  acquire  wealth,  but  U>  save 
(mr  natural  resources  from  depreciation  and  eventual  exhaustion* 

The  mineral  resources  of  our  oouuti-y  are  equal  to  its  agricultural ;  but  the  one  cannot 
be  profitably  developed  without  the  other,  and  domestic  industj^  must  be  employed  to 
JMseomplish  the  result 

If  political  economy,  every-day  examples,  and  reason,  teach  us  those  lessons,  b  it  not 
ilrmnge  that  we  hare  not  profited  by  them?  Is  it  not  a  matter  of  astonishment  that 
American  statesmen  should  have  so  long  neglected  American  resources?  Is  it  not 
ibaard  lor  our  farmers  and  planters  to  advocate  free  trade,  which  not  only  tends  to  im- 
Kyreriih  themselves,  but  their  lands  also  T 

The  foregoing  facts  and  arguments  should  be  sufficient  to  convince  intelligent  men; 
mt,  since  prejudice,  party,  and  the  sophistry  of  foreign  economists,  agents,  and  im- 
Miters  are  arrayed  against  the  truth,  we  will  give  a  few  plain  and 

PRACTICAL  ILLUSTRATIONS. 

The^  value  of  the  cotton  crop  exported  may  be  $190,000,000,  but  the  value  of  the 
urtides  consumed  by  the  producers  to  supply  their  wants  would  be  greater.  It  is 
■Morions  that,  while  the  few  planters  lived  in  ease  and  luxury,  the  *^poor  whites''  and 
iflgroes,  or  over  one-half  the  entire  population,  existed  in  extreme  poverty.  The  price 
Mlized  by  their  productions  did  not  pay  for  the  labor  of  producing;  while  their  lauds 
rtre  constantly  growing  less  productive. 

In  the  mean  time — say  1860 — the  people  of  New  England  bought  cotton  of  the  South 
b'the  amount  of  $37,680,782,  which  they  sold  for  $79,359,900.  To  accomplish  this, 
nlj  29,886  boys  and  men  and  51,617  women  and  girls  were  employed,  whose  total 
rages  amounted  to  $16,725,720,  leaving  a  profit  of  $25,953,358,  at  the  same  time  giving 
k  rmloable  home  market  to  their  farmers,  and  enabling  them  to  increase  the  productlve- 
lan  and  value  of  the  soil  by  full  compensation. 

In  the  South,  while  less  than  1,000,000  of  slaves  were  raising  cotton,  not  less  thafi 
^OOOyOOO  were  comparatively  idle,  or  employed  in  no  useful  or  productive  pursuit, 
be  planters  doing  nothing,  and  the  poor  whites  either — worse — drinking  whiskey,  or 
ttming  a  miserably  existence  from  worn-out  soil,  or  drudging  in  competition  with  the 
biTe^  whose  pay  was  only  coarse  food  and  scanty  raiment. 

Theee  2,000,000  unproductive  people,  if  directed  by  intelligence  or  the  example  of  New 
England,  could  have  manufactured  the  entire  cotton  crop  of  the  South,  and  raised  food 
nongh  to  sustain  both  themRclves  and  the  cotton-producers.  The  profits  would  be  thus 
lot  only  equal  to  the  value  of  the  whole  crop,  but  the  enhanced  value  of  the  article  in 
ts  manufactured  state  not  less  than  $380,000,000, — independent  of  the  amount  sold  to 
few  £ngland,^-or  double  the  value  of  the  raw  material. 

The  value  of  manufactured  products  in  the  Southern  States  in  1860  was  $150,312,682, 
9  produce  which  only  98,741  men  and  boys  and  11,309  women  and  girls  were  employed ; 
r  110,050  male  and  female  operatives,  as  manufacturers,  produced  more  than  half  the 
alae  of  that  produced  by  the  1,000,000  slaves  employed  in  the  culture  of  cotton. 

A  man  may  earn  one  dollar  and  fifty  cents  per  day  at  his  daily  labor,  and  save  half 
f  it,  if  his  wife  and  children  will  cultivate  his  garden  and  spin  and  weave  their 
tothes.  But  another  may  earn  two  dollars  per  day,  and  be  always  in  want  and  debt, 
r  his  family  are  idle  and  extravagant.  The  same  with  the  farmer  and  the  planter:  if 
hej  buy  more  than  they  sell,  or  consume  even  as  much  as  they  raise,  they  must  event- 
lally  end  in  bankruptcy,  if  not  ruin;  because,  while  they  live  within  their  means 
pparently,  their  lands  become  less  and  less  productive,  while  their  familiea  become 
Bore  and  more  expensive. 
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^SJi  T!IK   rUACnCAL  DEVEIjOPME!n'  OF  OUB  SESOUBCEB. 

V>«'  (Anntor  bA»  a>*'.  &£i  ;^:c  ca  LL«  luiL    His  aons  can  make,  during  leisare  times, 
i«;:  ^  •  iiT«u  '..vfc  -.r.  ::-.o  hj^i^k^t  1il«.  &Li  iLu«  cave  him  from  fiftj  to  one  hundred  ddlin 
«■.-.'.-,.-      Wf  s-xz  c^.  V  Ikz  kT'i  rk.!^  v>>..L.  and  his  daughters  can  spin  andweiTe 
»*-.x»t  ,/  ".>*■'.  :^f«s.  sai  ir;^  i*"!  fr  c.  fcO  u-  ^wxiO  more. 

;•  *  .i.cne.^:*,-'  <v»  .t»  bt  .c  iitKrr  ^;liT*  equally  to  nations;  for  the  intereatsof 

^^  *."**  '..  i:  :!-.  ▼  .li  11-  tin    ■:'  ~ fc "     e?.    When  the  imports  exceed  theexpoiti, 

V  ...  c  '.  :  *•-  •»*■'  •:  "i**  ■"  '^-"=7  ■•"*  *^  z?*:"»ingpour;  but  when  the  exports  exceed 
1.* ,  1.  .. »-:%  ki ..  ^  K.  f  i>  -IT-  i:-*  .--'iiry.  we  are  growing  wealthy.  During timei 
«»».•  .  ■  ..•  :.  .1  '.•—  UiT^  "•"*  ZLxj  i^'*  ^  "■"  ^"^h  l»v  raising  and  manufacturing &11 
♦  .  -.'.  4.  ^  I  ::■»  aiJiTisis  l  iC  i  ai-±  lust^^s.  :he  growth  of  our  domestic  prdductn, 
.      •;....  .:  •  "^^i  ■  .:^  =:fc.  i-::r»r7  Mr  ^'^^.iment  of  our  mines,  and  the  general 

..- :.-    ;j.:.  :    .    i*!   "u  i'?  ::   •  i2*-:xr»:»:-.  "r-'Ji.  c:  a  dvUar  of  exports. 

:•     •  :u    "Tu  .  --  ac"   i-"*.*^^  -r'li  -:*.  -.thvr  than  cotton,  sugar,  and  rice,  ii 

\    *   ^  -"-.-J-.-       .'^      .-- ^  zuj-kets  ot^>nsume  of  this  amount  only  the 

..  -..  '"  -: .    j^ ::  r  :  I   ■-?.     Yet  there  are  tht»«e  who  opcnlj  ad- 

—-    r^  .    -1    '  •'"  ■    c  ■■  C:    r^'TJ""  1  =irket.' who  Would  break  down  a  niacn- 

■,    .  • -_     -    .-^^    ^•^..  ■  :>^s:=r:*     -r  5"i:v«".iMU<X)  annuallT.fir  the  insignificant 

:■..  "i  '.*-ii.   VTs..i.     ''•J:*  i«  -i. »  ■r*i*c  z^.e  c«>al  and  irt»n  iniuftrT  of  this  coontrr, 

ii.     -  .ii:  -  *.  a   Mr..^  -.  n:?v  un.  unts  to  $400,0U0,0(X»  annuallT.  90  per  cent. 

uatn  jBOJffft  .    -IT  ::&rmers,  for  the  miserable  S3>.ULO,b00  oonsoffled 


•    •••        Ak      ■      M     4 


•*. 


r.a*.    T*.iit   f    iB  '«Mr--L2*.»ui**  ^f  the  United  States  for  the  rear  ending  June 
r-TB   II.    i»   :atf  ^   !•«>.«  v.. .11 0.     The  increase  fn>m  1850  to  1800  wss  86  per 
uu  ^  -mf  -***••   muiwM  ±e  increase  since  at  50  per  cent.,  which  would  jieM 
.-    ^>*«.  i»  a«a.d  as  the  agricultural  products.     But  this  vast  tmoiat 
■■x.*.-.^**.    eductions  below  the  annual  value  of  fire  hundred  diJlin 
t.«^  -  ^..av  >  aiwn  in  the  census.    Yet  these  small  amounts  are  sdEdest 
i4r  uiuiui!actures  to  over  $3,000,000,000. 
<'\  •-  .Xt^.  as  returned  by  the  census  of  1860,  nearly  1,400,0(0 
,  ^   ^    .,^   -♦-,•«•     **i^'  »»5imating  their  increase  at  50  per  cent.,  in  proportion  to 
^.^        .v^-w.«vj.  -n^'  number  of  operatives  now  required  is  2,100,000.   These, 
.j^-^  -^>'*'**  •*'-'  -^^i  »  half  other  persons  as  dependents,  Remaking  the 

^    ^^^i-wu  by  our  manufacturing  industry  5,250,000.  exclusive  of  that 

_^         «.wit>uiou,"  such  as  merchants,  clerks,  draymen,  railroaders,  exproe- 

^^  ^,^^^*»^dw^i*.  carpenters,  masons,  painters,  &c.  Ac. 

.^     ^  .   ..*-wi>4^  .>iimato  that  fully  one-thinl  our  population  ig  supported  directlj, 

*«^--^^  .ii>rt.iiy  and  indirectly,  by  manufacturing  industry,  since  it  giw» « 

^^        n.-^»^>  -t  our  ap-ioultural  productions.     That  interest,  therefore,  stind* 

^         v^    ^.;iu*;  .xvn.^my  of  the  country.     Yet  there  are  those  who  consider  the 

j^    *..*^»»>  .i'  tL»o  S^^uth  as  productive  of  the  paramount  staples  of  thecoantrr. 

*»'i*    *»^  ataiiUtVturers,  who  arc  increasing  our  wealth,  to  foster  our  pltnteni, 

.   .*H^  .c4*.o.:»^:  !?:o  richest  portion  of  our  country.     There  were  those  who  cried, 

^  ,., ..    ^  "  --H      *  ^-^'f^  *ini^^  ag«^;  hut  they  were  not  more  mistaken  than  those  who 

^   .^   *  V  st,i      ^'-day.    Inm  is  the  conqueror  of  nature,  the  civilizer  and  beneficwr 

/  ..v  *  '^'  *  •*'  ^t'.?>N'ut  its  aid  no  nation  can  become  wealthy,  prosperous,  and  powerful 

^      .11    nV   luiuors,  numufaoturers,  and  mechanics,  however,  did  not  pn»dnce 

^  vv.  ^'     ^^**  •'«*  uiaiiutVturtvl  poods  unaide<l :  steam  and  la1>or-flaving  m»**hinerT 

»^    s**    ^*siu*«.it  .»f  \h<  «\>untrT  Av  1M5  ii  futimated  by  Dr.  Elder  at  i\w  value  of  |4,31S,CW,CMt. « ^V 

^  .^  ^    «  **"  ■•■"»  *^'**  **"*'  *"»•■» »i-*»^*n.  B»*J*  without  Inference  to  hi«j  flgurcs.  may  l»o  too  high:  Imt  we  think  W 

x.*«     »•   t**^*'  5l^^^KI!vn.     It  tk>««  not.  hower^r,  invalidate  onr  arfnimmtts  or  change  their  sjFli'"* 

,;*»x  V.N—  .4*,-.V*ii  .'I  thu  vtKnitti  n'prv*<»nta  Jomv^tic  munufartiirew,  and  thp  uthor  part  apricriltunJ  pr- 

^lllW  nft^M «''  IW  ^rK'wltwnU  priMliicta  are  cousaucd  by  the  nianulhctiirvn  and  their  direct  dcftcB^MH 
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ire  them  mateml  assistance.  We  have  no  means  of  asoertaining  the  amount  of 
team-power  employed  in  these  productions,  but  it  is  manifestlj  much  less  per  head 
iin  in  England. 

In  the  anthracite  ooal  regions  of  Pennsylvania  the  amount  of  steam-power  is  equal 
two  horse-power  per  head,  which  epables  each  hand  to  produce  500  tons  of  coal  per 
mom,  or  $2500  per  head  at  present  valuation,  which  is  one  thousand  dollars  more 
an  the  average  production  of  the  country  per  capita.  The  steam-engines  of  Great 
ritain  are  stated  as  equal  to  83,d35,214  horse-power,  which  would  give  about  three 
(Tse-power  to  each  inhabitant,  and,  of  course,  a  much  greater  number  per  head  to  her 
annfacturing  classes.  But  if  we  estimate  two  horse-power  per  capita  as  the  maximum 
ide  use  of  by  our  2,000,000  manufacturers,  we  have  a  force  equal  to  28,000,000 
nmg  men,  and  capable  of  doing  much  more  work.  Yet  how  insignificant  is  this* 
Mn  compared  to  the  steam-power  of  England  I 

CHEAP  LABOR  v«.  FREE  LABOR. 

Our  manufacturers  can  only  compete  with  England  when  they  have  provided  an 
nal  steam-power  to  the  hands  employed,  and  when  they  can  find  American  free  labor 
English  prices, — which  we  hope  may  not  happen  until  the  millennium. 
We  have  tried  cheap  labor  long  enough  in  the  South,  and  have  found  by  sad  ex- 
rience  that  it  brings  poverty  and  ruin  instead  of  wealth  and  prosperity.  We  had 
)00,000  of  slaves,  whose  labor  we  compelled  with  the  whip  and  rewarded  with  the 
■nest  of  food— com  meal  and  bacon*— and  the  meanest  of  clothing  only.  Tet  we 
iporerished  the  soil,  held  the  poor  in  ignorance  and  vice,  and,  instead  of  advancing  in 
talligence,  civilization,  and  wealth,  that  portion  of  our  country,  though  naturally  the 
diMt  part  of  our  continent  or  the  world,  was  relapsing  into  barbarism. 
If  we  do  not  protect  our  labor  against  the  capital,  machinery,  and  low  prioes  of  Europe, 
» most  come  down  to  their  standard.  We  may  import  $300,000,000  of  cheap  goods ;  but 
)  also  import  cheap  labor  for  our  mechanics  and  farmers,  because  we  cannot  get 
rsnty-five  dollars  per  ton  for  our  iron  if  English  iron  is  selling  in  our  markets  for 
tj  dollars  per  ton ;  and  we  cannot  make  iron  at  fifty  dollars  per  ton  if  we  pay  our 
iners,  mechanics,  and  experts  two  dollars  per  day,  while  those  of  England  receive 
Ij  fifty  cents  per  day ! 

If  our  miners,  manufacturers,  and  mechanics,  who  buy  $2,000,000,000  from  our 
rmers,  work  cheap,  they  cannot  pay  high  prioes  for  their  food.  Will  the  American 
rmer,  therefore,  advocate  free  trade,  in  order  to  purchase  a  few  cheap  goods,  when 
B  result  must,  in  the  nature  of  things,  force  him  to  sell  his  crops  cheap  ?  or  will  he  sacri- 
e  a  profitable  home  market  of  $2,000,000,000  where  free  American  labor  at  two 
Uars  per  day  is  the  buyer,  for  an  unprofitable  foreign  market  of  $80,000,000,  where 
aftp  European  labor  at  fifty  cents  per  day  is  the  only  customer  T  But  there  is  another 
portant  consideration  here.  The  foreign  markets  for  breadstuffs  and  food  generally 
jctoate  independently  of  the  regulations  of  trade,  and  depend  more  on  the  toants  of 
urope  than  the  prices  of  food.  They  only  buy  when  short  crops  compel  them,  and 
Ij  come  to  us  for  that  which  the  agricultural  portions  of  the  Old  World  cannot  supply 
Bin.  Our  farmers  must  sell  their  wheat  in  competition  with  the  ill-paid  Calmucks  of 
s  Don,  and  labor  for  the  pittance  paid  to  the  barbaric  serfs  of  Turkey,  or  not  sell  at 
,  to  Europe. 

THE  IMPORTATION  OP  FOOD. 

has  trade  not  only  reduces  the  price  of  our  products,  but  limits  the  markets  for  our 
liooltoral  products  abroad.    The  largest  amoont  of  proviaioDS  we  have  ever  er^r^wl 
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is  $80,000,000  per  aDunm ;  of  which  less  than  half  went  to  the  mannfactQrmgcoantra 
of  Europe.  During  the  first  ten  months  of  the  present  calendar  year  oor  importifiram 
these  manufacturing  countries  amounted  to  $186,500,000  in  gold.  At  the  samentioof 
imports,  the  amount  for  the  year,  reduced  into  currency,  at  $1.44  for  gold,  would  \» 
$322,272,000  against  $149,328,000  of  exports,  entailing  a  loss  which  must  he  piid  for 
in  gold,  or,  worse,  in  honds  at  fire  or  six  per  cent,  interest !  and  not  only  cave  tbe 
country  this  immense  loss  direct,  but  indirectly  sends  into  this  country ^/fcv  tma  u 
much  food  as  we  ever  sent  to  the  manufacturing  countries  of  Europe  !* 

In  this  country  our  free  labor  spends  about  one-third  to  one-half  its  earning  m  food; 
but  the  cheap  labor  of  Europe  spends  two-thirds  for  the  necessaries  to  sustain  life.  Now, 
nothing  can  be  more  plain  than  the  fact  that  two-thirds  of  our  imports  represent  m- 
jxtrfed  food,  minus  the  profits  which  swell  the  capital  or  permanent  wealth  of  theforagn 
Dianufnoturcrs.  Free  trade,  therefore,  diminishes  the  markets  of  our  fanners  to  this 
extent, — since  we  import  during  free-trade  tariffs  five  times  as  much  food  as  we  exp(fft, 


*  The  fiillowing  extract  from  a  jMunphlet  by  Dmniel  J.  MorrcII,  Siq.,  Superintendent  of  the  extendTe  OmWi 
Iron  Workfl,  Johnitown,  Pennnylvanim  showt  tbe  average  conmunption  of  food  and  maaolaetima  bj  tht  Cf»- 
ratlvet  for  every  ton  of  raiU  prodnced,  at  preeent  prices,  when  labor  commands  two  ddlan  per  day  at  tiM  ira 
Wiii-ks.  It  requifM  about  forty  hand«  of  all  kinds,  from  the  mines  to  the  market,  to  produce  one  ton  of  rails:  cat* 
so<inently,  the  cost  of  labor  at  two  dollan  per  day  is  ISO  per  ton.  English  labor  at  the  iron  works  commsndisboil 
fifty  i^nts  per  day :  connequeutly.  the  cost  per  ton  is  only  $20l  The  JBoglish  Ubcnvr  cannot  afford  the  lvnxl«n> 
tainetl  in  the  following  table.    Must  of  his  hire  is  spent  for  food. 


xV ,-».  >^:,  via««»  v^ul^t^1^  Jko 50 

lkk>>t>k^:\\  ^<vNi«»:«rt^,  Jlc 2.00 

U>  .iu.us«,  tHks>jcmu»'  Fv««,  Ic 1.26 

\k>...;>i.., 2^ 

U.    ..  iv..^* 80 

1 1«     i\i.  «k 60 

\»tU.     kul  v^iiitih;«uiiL 3.76 

u.  Hi  .  v^taiui'trs  aud  flannels 3.75 

Vl.iixki.f  luivJ  Cluthiug » 2.00 

bk-  Id  .iiul  sluHu 4.00 

Ik  -.1,  l\>rk,  uiiil  other  meats. ..10.00 

'lu\'  :i,  Si.UltpA,  in 1.00 

I  ^.ill.'u  WUibkoy 4.C0 

1  4.iili)ii  buur 40 

I  lb  Tiiliftixo,  smoking... SO 

1  11>.  Tultaccu,  chewing 1.00 

Ci^ATi «.. 76 

buudrit*. 2.64 

Utut 4.00 

Uair-Uarral  Flour ...  6.00 

liiittcr  and  Cheese 2.00 

Ui.l 20 

Vugi'tttlilMi,  Eggs,  Ac....... »~ 4.00 


Ariick*  comstmted  im  the  Pirttdmrtim  </  a  Ibn  a/  Sails, 
mtd  l\uee»  theremL 

TslBS. 
ftagar J^iM 

BiKkotik  TuNk  Ir «.     60 

TW  — 1.50 

^***:^>%^        1.00 


%  30 

10 
14 

8 
8 
2S 
7.2 
3 

2.7 
7 

40 
16 

ia 

10 
2.0 
18^1 
17 

13 
31 

3 

16 

2.00 

3 
85 
40 
25 
15 
No  tax. 

M 
M 
M 


166.30       85.83 

The  flM-sgofBg  table  also  shows  the  tax  paid  by  the 
irurkuiaii  00  a  too  of  rails,  which  of  coarse  Is  an 


Indirect  tax  on  the  employer.  The  ibSoilBf  kM 
gfres  tlie  amodnt  of  tazea,  botii  dfreet  and  MM^ 
which  are  paid  by  tbe  msnnfactwwra  on  eaeklsitf 
rails  produced,  in  order  to  demonstrate  tbe  inseUN? 
of  the  present  import  duties  for  proCe£tieB,ibosttli 
shown  that  the  excsw  of  t»xes  oret  daHea  SBoafeti 
ilty-flTe  cents. 


ntal  Dtred  and 
^f  BaiU. 


TOU 


Pig  Irctik........M 1  43 

Coal -.. -  7  72 

Bails. 1  00 


Jis<ttrseCnw«t««>i 


$2.40 

00 
8.00 


13.48 
47 
&flO 


Add  12  per  cent  to  make  gross  ton. 


r 


•-! 

IMS 

InAvct  tax  paid  bj  laboror. ftS 

Indirect  taxta  paid  by  maoufaetiiren:  Tkk 
on  Incomes,  Stamps,  Licensee,  Oil,  8tcel, 
Brass  (Vtinga,  Machinery  and  Bepain, 
Bricks,  Gum  and  Leather  Belting,  TM^rti^ 
and  the  innumerable  other  items  eonneded 
with  tbe  manufacture  and  sale  of  iron,  wfll 
add  at  least  two  dollara  more.... 100 

Import  Bnty  on  ton  of  22W  Ibe..... .......  13^ 

Excess  of  Tnx  orer  Tariff. ^      B 

Cbst  of  Fatnign  hrom  deUvtred  hen. 

Cost  of  a  ton  of  nil  In  Walee JSOHO 

Freight » ...mm.......... ...m...   aOO 

Commission,  Ac IJI 

Insurance .m. ....................... ..^.m.   Ii9 

Duty  on  a  ton  of  2000  poonds. ...  H** 

Cost  in  gold - 451^ 

Premium  on  gold  at  140  per  omt »......._3P^ 

Cbet  in  carreDC7...M ^ — 9*^^ 
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vbieh  dflstroys  the  home  market  of  our  farmers  to  that  extent  Saoh  are  the  rewards 
of  free  trade  and  cheap  labor.  They  drain  our  country  of  the  precious  metals ;  they 
OBTtail  the  markets  for  our  agricultural  productions ;  they  reduce  the  price  of  every 
production  of  labor  as  well  as  the  price  of  labor,  without  adding  one  cent  to  our  perma- 
nent wealth,  and  constantly  drain  the  resources  of  our  country ;  and  we  might  continue 
with  a  category  of  evils  ad  libitum. 

HIGH  PRICES. 

The  tendency  of  high  tariffs  and  wars  is  to  produce  high  prices  and  inflated  Talue8,p» 
which  excite  the  fears  of  those  who  are  more  prudent  than  wise. 

Those  who  fear  a  fall  should  never  attempt  to  rise ;  and  those  who  dread  high  prices 
•hould  be  always  condomncd  to  small  profits,  cheap  labor  and  its  results. 

We  never  can  enjoy  *'good  times''  except  by  high  prices  and  protection  to  labor:  the 
load  to  wealth,  prosperity,  and  power  is  through  the  busy  marts  of  a  well-paid  industry } 
while  the  road  to  crash,  crisis,  and  ruin  is  down  the  rugged  paths  of  cheap  labor  and 
low  prices. 

Protection  necessarily  brings  high  prices  at  first.  Our  manufactures  have  always 
been  in  a  crippled  condition,  our  factories  idle,  our  experts  scattered,  capital  diverted, 
prior  to  every  protective  tariff  or  "  protective  war :''  consequently,  it  required  the  induce- 
nent  of  high  prices  to  start  the  ruined  furnaces  and  mills,  open  the  mines  afresh,  and 
bring  back  the  labor.  But  prosperity  follows  high  prices,  and  the  demand  for  the  pro- 
duets  of  labor  increases.  Want  of  competition  Uien  keeps  up  these  prices ;  but,  as  the 
domestic  manufacturer  is  the  great  purchaser  of  our  agricultural  productions,  the 
demand  for  these  increases  in  the  same  ratio,  and  the  values,  though  high,  become 
eqnaL 

Domestic  competition  would  in  a  reasonable  time  bring  all  values  to  a  fair  standard. 
This  is  natural ;  example  proves  it ;  and  that  such  is  the  result  let  our  cotton-manu- 
fiMtnrers,  who  are  now  able  to  undersell  even  England,  testify. 

Protection  never  bring?)  on  the  crash,  crisis,  and  ruin  which  the  over-prudent  and 
timid  fiiar.  These  grand  and  frequent  climacterics  in  our  history  always  follow  free 
trade.  Would  we  have  suffered  Uie  crisis  of  '57  if  the  tariff  of  '42  had  not  been 
repealed  for  free  trade?  Would  we  be  in  danger  of  repudiation  now  if  the  duties  on 
imported  goods  had  been  increased  in  proportion  to  the  direct  tax? 

Ifc  is  not,  therefore,  high  tariffs  or  high  prices  that  we  have  to  fear,  but  the  sudden 
opening  of  the  flood-gates  of  free  trade,  which  overwhelms  our  domestic  industry,  and 
drags  down  prices  and  values  with  a  quick  and  ruinous  energy  at  the  moment  when  our 
labor  is  high. 

The  timid  capitalist,  the  prudent  merchant,  the  enterprising  manufacturer,  and,  in 
Ibct,  the  whole  domestic  industry  of  the  nation,  have  more  reason  to  fiBar  the  blunders 
and  folly  of  our  statesmen  than  the  effect  of  high  prices.  Sudden  changes  in  value 
from  the  high  prices  of  protection  to  the  low  prices  of  firee  trade  should  most  be  dreaded 
hjalL 

cm  BONO? 

Bat  why  should  these  ruinous  changes  be  made,  when  history,  example,  reason,  and 
ell  our  best  interests  admonish  us  not  to  make  them? 

Political  economy  teaches  us  that  such  stops  are  from  prosperity  to  adversity,  and 
that  our  lawgivers  must  descend  from  the  sublime  to  the  ridiculous  to  accomplish  the 
€U1.  It  is  a  greater  sin  to  be  a  fool  than  a  knave,  if  wilful  ignorance  bears  the  blame. 
If  we  vote  for  pot-htuse  politicians  with  more  '*  brass"  than  brains,  and  elect  the  mere 
demagogue  to  Congress  who  is  incapable  of  making  a  living  in  bosiness  pursuUa^  vd^^^ 
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« ho  i*  n^t  practical  enough  to  unJerstaihl  the  laws  of  trade,  cao  we  expect  ha  to 
«]iP|iUy  tho  wifttit^m  of  Solomon  or  the  bikg^iij  vi  Llvtees? 

\\^  aro  a  nolt-jsovemed  pet^ple,  and  r»pcnsble  tor  our  actions.  If  we  nub  law- 
niMlnni  of  (*ur  i\h^N  and  liabbitTK.  Modjkc  them  lo  Washington,  and  keep  cor  bQsiMi> 
niiMi  Mt  h.^mr,  wo  mu»t  oij»€vi  to  snfex  f'.T  c«r  ipi-^ranoe  and  want  of  discernment 

Tj.i  I  rr.crar.t  ^ho  c^ixn*^  V  ii.it  o^iirr  d.«s  it  with  the  intention  of  bettering  hii 
.' iTt.i.tMr.. — t."  savo  hicift-If  uiiz  iaal-T  tries,  ihe  cheap  laln»r  and  the  dependence  of 
Kiir.-;"-.  ft'^'i  T.'  .I'lAit  the  ^i!3K!£Tf  t<f  fr«  lalor  and  indo|)endence  in  America.  Yet 
I-  »  iiihrr  ;.f  :rfTr..  ;■  turned  wni  -.♦.*  iah*  ;f  I*emoeraey  and  its  policj  of  frte  trade, 
.h.-.n  n.'nfij..  and  S^ujci'  'npioL.  are  ::ijfi(kuc  ij  a  fiham,  and  made  dupes  bj  their  igno- 

▼ :  LOG-MAN. 


". :  <<f»nm*  i;  u*  ii»f  "w-rrciii^niLi  nf  JLi^frl  r*.  :■»  h*  native  or  foreign,  should  hsTe  tict 

PI'  'lirl  ii  »"  tniTiT^'-hPiiL  in»v  t-«  t^hat  njUT  i*.-«ar:.'v  deprive  him  of  all  the  benefiti  to 

)w  I.'!'-  -*..  r*.in  :*t»«  luinr  uif  ir'ifi»   .'  a^'.r  uiii  :i:e  superior  resources  of  this  country. 

1 1n   .■lu^iniii'  vi.i  1  III*  T^ . rr;: ;x^-=fci:  -cu.«i  fti-e  are  these: — 

S:.i»i    ■  v.Hi  i-r  !•*-  r'-mni-ii'.i  w^i  =*■    ui'ap  labor  and  labor-saving  machinery  of 

l.ii-  .H'    :»!■.   p-.-"*«u-!-   'r:ic  'i"*"    -~  ^^u^iard  of  my  wages  to  the  <&tarvatioD  pricei 

1    lot     t.t   V  i-u.   i.-  ul.-'i-iu:  =»"«    '  ■♦^^  their  goods  in  my  markets  in  opencompeti- 

:  M  v^-wi  n-  ••^vi.      "I  *#1  ri    ifci-~   *  aa^eiron;  and  if  the  products  of  mj  labor lell 

•ii-'^i!.    .  n'.U"*  i\r.  pnm  i^  ^^a.  ;•!•►.     ^^^  ^DgHah  manufacturer  can  convey  his iiQB 

T-  Ml    I.njiiiiii   I-  T^-r  '5  .T^  •-  -•^^  » '^urs  can  be  sent  to  the  some  point  or  to  mirlft 

--^:.>r,»;'        Ii«   urn-  wt^  ^i^"*    -*"  my  employers  have,  and  more  machinery, aid 

•AT     --    «.  irak.:^-  iiikni».* -♦*••■*»"«**  fifty  cents  per  day.     Now,  it  is  clear  to  my 

!...r..    -.::..    ;:    .-..    ]:%rv>««   ^- - -«>'i^ver  unless  I  work  for  English  prices.    Free  trade, 

i;.-^. •:,'-.    »>  .iMfc   &!«»«««   V   '•^  interests.     I  do  not  want  many  foreign  goods.    Tn 

«^T,,.  ^mm  .,.,.  ^      V    -   ■•*  -^^'reign  manufactures  I  need.    It  will  be  a  bad  tra^ 

-.      :    -H.i^      r    'v    '•^  -^^^  dollars  per  day  to  the  miserable  pittance  of  fifty 

>.    trf  .•euc.  duty  on  ten  cents'  worth  of  goods. 
.>.*«:i  my  labor  and  prevent  my  old  ta^ikmasters  from  selling 

^  ^^   ♦"'.▼  have  plenty  of  work  to  supply  a  growing  demanl 

^,  ..-^    ^»*f*i«  sell,  but  I  shall  have  good  wages^  because  here  I  ban 

A  vr.  can  choose  my  own  occupation,  change  it  when  I  pleaie. 

to  be  derived  from  the  superior  resources  of  this  magnifi- 


•">• 


•^.  -  T» 


«."• 


-    ^*.     •-»■••»*   **^  /^***  advantages  be,— these  productive  soils,  these  vast  fieHi 

^^ 1*^'*  •*''  ^'«>^»  these  wonderful  provisions  of  bountiful  Nature,  tbeii 

'  ..*Jh>       "^^^  ^^""^"^  i*"  ^*  »ll^^w  the  nobles,  kings,  emperors,  and  all  the  other 
^^^    —     H*  ^  ^«'*^^  ^^^  have  devoured  the  fruits  of  the  poor  and  grown  fat  on 
'  ^^  -N.   «^"^  'f  uiillions,  to  fill  their  coffers  at  will  from  our  mineral  and  agri- 
*  ^  ^  .w  .•»*^  \*  'h^'*"  ability  to  buy  from  us  cheap  and  sell  to  us  dear,  as  loogaf 
,.    ..(«*«*   ^a**»^  o;*  the  working-man  and  compel  him  to  labor  for  his  misenbk 
..ik^  '*^*^'j  *s«  I  ivii.s^nt's  **bl<»u8e"? 
\.    «:  *^*  *  **^*  V  wcvor.  lo  monopolize  the  gifls  of  God,  or  to  prevent  the  opprewed 
^^.    *  -^^  *K»r.\l  iV»m  sharing  our  blessings,  our  comfort,  and  our  independence; 
*^^,  .V  a***  »/sKu<ly,  manfully,  resolutely  determine  that  our  brethren  in  the  OH 
^^^  ^d*i.t  »%»•  y^^ix*  *Hir  wealth  the  means  of  further  increasing  the  power  of  tbeir 
^j,jiH^«L  *ikI  v»«-  «^»e«uieA.~(he  enemies  of  all  free  institutions.     They  shall  nrt 
^^  ^  di*«M  ^*  V^^^P  wtiful  level  while  increasing  their  own  burdens  and  riveting 

j^^^KliM^  i«ix^  ifewMk  howeTer.  to  come  to  us  and  share  our  liberties  and  our 
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HppiiiaM;  bat  they  must  leave  their  masters,  their  bondage,  and  their  bordens  behind: 
n  will  have  none  of  them.  Here  there  is  room  enough  for  the  poor  and  oppressed 
^  the  world;  but  there  is  not  space  for  one  of  its  patent  nobility.  Here  all  men  may 
ipin  to  the  highest  nobility  of  Nature;  but  none  can  claim  their  greatness  from  the 
NBOgatiTes  of  blood  and  birth.  America  fur  all  men,  with  equal  rights,  equal  oppor- 
nilieB,  and  equal  inducements;  but  even  here,  ignorance  is  the  slave  of  intelligence. 

MIDDLE-MEN. 

Theso  are  the  middle  class  in  society,  who  generally  make  the  most  money,  because 
ej  aro  simply  factors,  or  agents,  who  transact  business  between  the  agricultural  and 
snufiMturing  classes.  The  merchant  buys  from  the  manufacturer  and  selb  to  the 
naer,  or  vice  versd. 

The  earrier  (in  ships,  cars,  boats,  or  wagons)  transports  the  products  of  both.  They 
I  noi»  however,  make  their  living  so  much  by  the  amount  they  carry  as  the  price 
AMned  for  their  services.  If  their  patrons  are  poor  and  in  want  of  profitable  employ- 
ent^  while  the  products  of  their  labor  are  cheap,  then  the  middle-men  will  have  little 

earrj,  little  to  sell,  and  small  profits.  Therefore  the  interests  of  the  producer 
reetly  affect  those  of  the  merchant  and  carrier.  If  the  first  are  poor,  the  last  must 
oepi  the  same  condition. 

In  like  manner,  all  those  who  conduce  to  our  intelligence,  health,  comfort,  and  plea- 
w  ■  tlie  teacher,  the  artist,  and  the  professional  man — ^must  depend  on  the  ability  of 
e  producer.  If  labor  and  the  products  of  labor  are  cheap,  then  their  services  must 
I  oheap.  Tet  how  few  of  all  those  hosts  of  middle-men  (we  speak  respectfully,  with 
r  hats  off),  who  depend  for  their  living  on  labor  and  the  fruits  of  labor,  are  willing 

fnorease  the  prices  of  labor  I  They  live  on  the  profits  of  labor,  yot  are  ever  trying 
obeapen  labor.  They  are  continually  trying  to  kill  the  geese  that  lay  their  golden 
Ip,  What  fools  our  teachers  are!  How  silly  are  these  wise  men!  Tet  the  igno- 
nee  of  the  laborer  is  more  to  blame  than  their  ^0%. 

The  "  penny-wise,  pound-foolish"  policy  of  most  of  our  railroad  companies  is,  never 
slass,  still  more  absurd.  Their  *' dividends"  are  entirely  derived  from  the  profits  of 
sir  transportations :  the  interest  on  their  capital  is  derived  from  traffic,  and  their 
ilitj  to  buy,  of  course,  depends  on  the  price  they  receive  and  the  amount  they  carry. 
it  oar  railroad-men  advocate  low  prices  in  asking  the  privilege  of  importing ybod  and 
teg^  labor,  in  the  shape  of  rails,  duty  free.  They  demand  the  means  of  levelling  labor 
d  the  products  of  labor  in  this  country  to  the  standard  of  Europe.  They  would 
lace  prices  from  one-half  to  two- thirds  their  present  rates,  and,  consequently,  di- 
inish  their  own  profits  in  the  same  ratio.  They  have  already  sent  more  money  to 
Inland  than  would  have  been  required  to  develop  our  own  iron  industry  beyond  com- 
titkm,  and  have,  in  consequence,  paid  twenty  per  cent  more  for  rotten  foreign  rails 
in  superior  domestic  iron  would  have  cost  them.  But,  while  they  thus  increased 
B  oost  of  railroads  and  their  equipments,  they  crippled  their  own  resources  by  bring- 
g  rain  on  our  manufacturers,  from  whom  they  obtained  their  employment  as  carriers, 
d  the  farmers  consequently  burned  their  corn  as  fuel,  because  they  had  no  market 
len  the  miner,  the  manufacturer,  and  the  mechanic  had  no  work  and  no  money.  It  is, 
unSdm,  evident  that  the  free-trade  policy  advocated  by  too  many  of  our  great  railroad 
npanies  has  retarded  the  development  of  the  regions  they  traverse  to  such  an  extent 
it  they  have  been  forced  to  mortgage  their  lines  to  Europe  in  the  enormous  sum  of 
00,000,000,  on  which  they  have  paid  in  interest,  perhaps,  more  than  they  made  in 
ofits.  But  had  their  roads  been  built  with  American  iron,  mines,  furnaces,  milli<, 
stories,  and  farms  would  have  sprung  into  existence,  doubling  the  freight,  while  saving 
ih  eapital  and  interest 
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When  low  prices  ruled,  Uiej  ocmld  bay  iron  cheap;  but,  nefartheleea,  naiyof 
them  went  deeper  and  deeper  into  debt  as  long  as  they  were  goremed  by  tlwr  on 
elected  policy  of  free  trade.  But  when  high  prices  ruled,  they  paid  their  delrti  ud 
made  money.  Yet  bo  selfish  and  short-sighted  are  they  that  tlieir  policy  leads  then  to 
carry  ten  thousand  tons  of  iron  or  coal  at  low  prices,  even  at  a  loss,  rather  than  pij  i 
high  price  for  one  ton  of  iron ;  and  unless  every  railroad  charter  is  accompanied  wHk 
a  proviso  that  the  road  shall  be  built  with  American  iron,  this  class  of  men  will  be 
free-traders,  and,  of  course,  their  own  enemies. 

HOW  TO  PAY  OUB  DEBTS. 

We  are  saddled  now  with  an  enormous  debt,  which  is  the  direct  and  indirect  ranh 
of  a  false  Political  Economy,  or  no  economy  at  all.  It  may  be  placed  to  the  acooontof 
free  trade,  and  a  great  portion  of  it  is  to  the  credit  of  our  enemies  and  rivals,  in  wImii 
interests  alone  are  our  free-trade  tariffs  enacted. 

The  national  debt,  secured  by  first  mortgage  on  our  property,  is  about  $8,000,000,000 

Our  corporation  debts  are  about 8,000,000,000 

Our  public  improvement  debt,  about 500,000.000 

$6,600,(iOU,OCO 

This  is  over  two  hundred  dollars  per  capita  on  each  inhabitant  of  the  countrj,  lid 
more  than  one  thousand  dollars  to  every  productive  person;  and  these  last  mustpijit 

The  interest  on  this  vast  sum  must  be  paid  annually,  and  it  must  come  fron  the 
profits  of  labor,  or  not  at  all.  It  must  be  worked  out  by  the  productive  industrj  of  tk 
country,  and  our  farmers,  planters,  miners,  manufacturers,  and  mechanics  are  bond  to 
do  it,  since  all  other  branches  of  industry,  with  but  few  exceptions,  live  on  the  earaiigi 
of  the  productive  classes,  and  are  simply  agents  or  middle-men.  They  are  neoMliJ 
to  the  farmer  and  the  manufacturer,  and  enhance  the  value  of  productions  by  pbdag 
the  wheat  of  Wisconsin  in  the  manufacturing  towns  of  New  England,  and  the  &briei 
of  the  latter  among  the  farms  of  the  former.  But  they  produce  nothing:  tbeitfiR 
our  farmers  and  manufacturers  are  bound  to  assume  the  debt  and  work  it  out. 

Can  they  do  it? 

Dr.  William  Elder,  of  the  Treasury  Department,  Washington,  has  shown  in  the  ooit 
conclusive  manner  that  they  can  pay  it,  in  twenty  years,  even  under  an  annual  increM 
of  wealth  less  than  the  average  increase  during  the  ten  years  preceding  the  rebelBca 
when  our  farmers  and  manufacturers  had  but  a  slight  protection  to  their  labor. 

We  quote  from  a  pamf)hlet  prepared  by  Dr.  Elder,  and  issued  by  Jay  Cooke,  entitled 
'•How  our  National  Debt  Can  be  Paid." 


"INTEREST  OP  THE  DEBT  AND  ORDINARY  EXPENSES  FOR  THE  NEXT  SI1TEAB& 

"The  following  tabular  statement  shows  the  result  of  our  inquiry  as  to  the  abilifrfrf 
the  Loyal  States  to  provide  for  the  interest  of  the  public  debt  and  the  ordinaiy  pei«» 
expenditure  until  the  year  1870.  (All  the  figures  of  the  table  express  millionf  ef 
dollars,  except  the  column  of  dates  and  that  of  percentages.) 
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rtfreniM  tor  Om  ealMidar  year  184S  li  an  citlmata  made  upon  date  well  anertaiiMd.    The 
of  the  year  la  the  balance  left  for  luch  uee  after  payment  of  the  accruing  intereet 


or 


«*  PAYMENT  OF  THE  DEBT  IN  20  TEARS  FROM  1870. 

!t  is  assnmed  that  by  the  year  1870  the  inBorrectioaary  States  will  be  fairly  under 
federal  Goyemment,  and  in  condition  to  contribute  their  due  distributive  share  to 
rerenue  of  the  Union,  and  that  in  that  year  the  reduction  of  the  public  debt  may 
immenced.  The  following  table  shows  the  wealth  of  the  restored  Union ;  its  annual 
act;  the  annual  interest  upon  the  debt  while  in  progress  of  extinguishment;  the 
mtage  of  annual  product  which  may  be  applied  in  payment  of  the  debt;  the  per- 
ige  of  annual  product  required  for  ordinary  peace  expenditures  (the  amount  of 
h  18  taken  at  200  millions  from  1870  to  1880,  and  thereafter  at  250  millions  per 
m) ;  and  the  total  charge  per  cent,  of  all  disbursements  until  the  debt  of  2750 
cms  shall  be  reimbursed. 


SOURCES  OF  THE  RESTORED  UNION.     ANNUAL  CHARGE  REQUIRED  FOR 
THE   EXTINGUISHMENT   OF  THE   DEBT   IN  20  TEARS. 

The  wealth  of  the  Union  in  1870  is  obtained  by  taking  that  of  the  loyal  States, 
ding  to  the  rate  of  increase  for  the  10  years  before  the  rebellion,  and  adding  thereto 
IT  cent,  for  the  wealth  of  the  rebellious  States,  instead  of  33)  per  cent.,  which  was 
proportion  in  past  times.  The  rate  of  increase  for  the  ensuing  years  is  calculated 
per  cent  per  annum,  or  100  per  cent,  in  10  years.  (It  will  be  recollected  that 
mte  before  the  rebellion  was  8}  per  cent,  per  annum,  or  126  per  cent,  in  10  years, 
innual  product  is  also  reduced  from  26.8  to  25  per  cent,  of  the  capital  wealth  of 


MiLUOKS  OP  D0LLAB8. 

CHASOS  PSE  dHT.  UTOir  AKHUAI  PlODUOt 

or  TBM  Umov. 

Wealth. 

Annual 
Product. 

Annual 
Interert. 

or  Annual 
Intereat. 

Of  Pay- 
ment of 
Princi- 
pal. 

or  Peace 
Expenaee. 

Of  Total 
required 
BeTenoe. 

30.282 

7,670 

165 

2.18 

2.64 

5.82 

82,452 

8,118 

160.1 

1.97 

2.46 

5.48 

84,777 

8,694 

155.6 

1.79 

2.30 

6.09 

87,269 

9,817 

150.9 

1.62 

2.14 

4.76 

89,940 

9,986 

145.8 

1.46 

2.00 

4.46 

42,803 

10,701 

140.3 

1.31 

1.87 

4.18 

45,870 

11,467 

134.4 

1.17 

1.74 

8.91 

49,157 

12,289 

128.1 

1.04 

1.62 

8.66 

52,680 

13,170 

121.4 

0.92 

1.51 

3.48 

56,455 

14,114 

114.1 

0.81 

1.41 

8.22 

60,564 

15,141 

106.4 

0.70 

1.65 

8.85 

64,904 

16,226 

98.1 

0.60 

1.54 

3.14 

69,555 

17,389 

89.2 

0.51 

1.43 

2.94 

74,539 

18,635 

79.7 

0.48 

1.34 

2.77 

79,881 

19,970 

69.5 

0.85 

1.25 

2.60 

85,606 

21,401 

58.5 

0.27 

1.17 

2.44 

91,740 

22,935 

46.5 

0.20 

1.09 

2.29 

98,814 

24,578 

83.9 

0.12 

1.01 

2.18 

105,860 

26,840 

20.4 

0.07 

.95 

2.02 

112,910 

28,227 

5.9 

0.02 

1 

•Oo 

1.^ 

316,262 

Excess, 

16,262 

One  per  cent,  on  300,000  millions  pays  $3,000,000,000,  the  principal  of  the  debt. 
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^*  It  must  be  noted,  howeTer,  that  the  figures  representing  the  percentage  of  tU 
annual  product  of  the  nation's  industry  required  to  carry  on  the  goremmenti  ptj  te 
accruing  interest,  and  repay  the  whole  principal  of  the  debt,  do  not  expren  an  acbal 
taxation  upon  the  annual  product,  but  upon  a  sum  equal  to  such  product  Modi  of 
this  expenditure  may  be  borne  by  export  duties,  if  adopted,  some  considerable  Atn 
by  the  proceeds  of  the  public  lands,  and  a  very  considerable  amount  will  be  waid 
from  miscellaneous  sources  which  are  not  taxes." 

These  figures  are  satisfactory  and  encouraging.  They  are  based  on  sound  data,  lad 
are  estimated  below  the  increase  of  the  past;  while  there  are  good  reasons  to  hope  Uitt 
the  increase  of  the  future  will  be  greater  than  that  of  years  gone  by.  But  it  will  d^ 
pend  on  the  protection  given  to  American  manufacturers.  If  we  open  our  ports  to  thi 
trade  of  Europe,  and  admit  the  products  of  the  cheap  labor  of  the  Old  World,  the 
doctor's  figures  will  be  sadly  in  error.  If  we  continue  to  import  orer  double  tba 
amount  of  our  exports,  as  we  are  now  doing,  and  pay  the  balance  in  gold  or  bondi,  vi 
will  follow  the  example  of  Jefi".  Davis,  and  repudiate  our  debt  in  less  than  twenty  yeuib 
as  the  only  way  of  paying  it. 

OUR  FOREIGN  DEBTS. 

Our  whole  debt  is  now  about  $6,500,000,000 ;  but  of  this  amount  we  only  owe  iM 
$1,000,000,000  to  **  the  Jews,"  on  which  we  must  pay  about  $60,000,000  interak  it 
gold.  This  is  an  annual  drain  on  our  resources.  It  goes  out  and  does  not  return.  Bift 
the  larger  amount  of  $5,500,000,000  we  owe  to  ourselves,  and  are  not  one  cent  the  poom 
that  we  owe  it;  the  interest  is  no  drain  on  our  resources,  since  it  is  simply  paidfiv 
me  to  you,  and  passes  from  pocket  to  pocket  But  suppose  we  owed  the  entir^aaool 
to  other  nations ;  the  interest,  at  six  per  cent.,  would  be  $390,000,000.  This,  howenr,ii 
not  possible.  We  could  not  owe  this  amount  abroad,  because  foreign  nations  would  Bit 
lend  it.  Fortunately,  they  refused  to  lend  us  a  dollar  when  we  wanted  it  most  ni 
were  least  in  debt.  Now,  however,  they  are  lending  us  all  we  are  willing  to  take.  Boi 
on  what  terms?  They  give  us  less  than  two  dollars  in  gold  for  three  dollars  in  finl' 
mortgage  bonds  on  our  property,  on  which  we  expect  to  pay  full  interest  and  retnn 
three  dollars  in  gold  at  the  end  of  the  term  of  contract.  Much  of  the  money  we  hsn 
borrowed  from  European  cnpitalists  cost  us  more  than  two  for  one,  and  we  are  safe  n 
stating  that  for  the  $500,000,000  in  Government  bonds  which  they  hold,  we  have  re- 
ceived less  than  $250,000,000,  and  most  of  it  in  goods  which  our  own  manufactorai 
could  have  produced,  and  which  were  imported  only  to  their  injury  and  at  their  a- 
pense.  If  this  debt  is  paid  in  twenty  years,  with  an  annual  interest  of  only  five  per 
cent.,  it  will  drain  us  of  $1,000,000,000  in  gold.  But  it  must  be  remember^  thatthit 
is  only  half  our  foreign  debt,  and  that  five  per  cent,  is  less  than  the  average  rate  d 
interest.  Therefore  the  drain  on  our  precious  metals  will  be  over  $100,000,000 
annually,  if  our  debts  are  to  be  paid  in  twenty  years.  The  gold  of  California  and  our 
Western  mines  will  not  afibrd  us  the  treasure,  at  the  present  rate  of  production;  asd. 
since  free  trade  only  helps  to  drain  our  gold,  we  are  still  in  danger  of  repudiatko, 
unless  we  are  protected  from  further  spoliation  by  the  cheap  labor  and  lalxn^saving 
machinery  of  Europe. 

What  have  we  to  show,  what  will  we  have  to  show,  for  all  this,  when  the  time  oomss  ftr 
payment, — perhaps  in  less  than  twenty  years?  The  "cheap  rails''  we  bought  from  Ssc* 
land  cost  us,  including  interest,  more  than  double  the  price  of  domestic  raUs,  while  th^ 
do  not  render  half  the  service.  They  were  imported  at  the  expense  of  our  own  indnstrj. 
to  the  ruin  of  some  of  our  most  worthy  and  enterprising  citiiens,  and  added  to  our  debt, 
while  crippling  our  resources.  The  greater  part  of  our  imports  of  foreign  goods  were, 
like  iron,  at  the  expense  of  our  own  manufactures.    While  we  gate  work  to  ftreiga 
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■Oil  and  fketories,  we  suffered  onr  own  to  remain  idle,  or  forced  them  to  saspend  at  a 
great  lose;  and  moet  of  our  foreign  debt  has  been  contracted  in  this  self-sacrificing 
■aaner.  We  have,  therefore,  no  value  in  return  for  our  vast  expenditure  of  treasure, 
Ik  is  worse  than  a  dead  loss ;  it  entails  a  constant  loss  to  the  nation  in  a  yearly  drain  of 
$60,000,000  in  gold.  Had  the  money  been  expended  at  home,  this  large  foreign  debt 
would  now  have  been  productive  capital,  returning  ten  per  cent,  dividends,  instead  of 
edling  for  six  per  cent  interest 

This  is  the  result  of  free  trade,  or  the  want  of  protection  to  our  own 'manufacturers. 
IVee  trade  may  be  a  benefit  to  England,  because  her  cheap  labor  and  vast  acquisition 
€f  labor-saving  machinery^ which  increases  the  productive  ability  of  every  operative 
beyond  the  capacity  of  one  hundred  negro  slaves,  or  the  unassisted  labor  of  one  hundred 
glmig  men— enable  her  to  compete  with  the  world,  and  make  money  by  every  ex- 
change. 

When  we  have  arrived  at  the  same  stage  of  development,  and  our  resources  are 
utilised  with  the  same  degree  of  economy,  we  can  compete  with  England,  and  make 
money  by  the  trade;  because  our  resources  are  superior;  we  produce  the  raw  tnateriaU 
and  the  food,  while  England  imports  a  large  amount  of  both ;  and  we  can  do  this 
without  descending  to  her  standard  of  cheap  labor.  We  hope  the  day  may  be  distant 
when  our  miners,  manufacturers,  and  mechanics  will  be  forced  to  work  for  fifty  cents 
per  day. 

It  is^  therefore,  evident  that  the  only  way  to  pay  our  debts  is  to  stop  running  deeper 
Inio  debt,  and  give  our  people  an  opportunity  to  toork  out  that  already  contracted. 

Theyauinnot  do  it  unless  they  have  remunerative  work ;  and  this  they  cannot  obtain 
IS  long  as  we  persist  in  going  to  Europe  for  the  goods  which  they  are  anxious  to  furnish. 
Wa  cannot  pay  this  debt  if  wo  close  our  own  mills  and  factories  and  send  their  experts 
Ad  the  pr^ries  of  the  West  to  raise  grain,  while  the  markets  for  the  products  of  the 
•oQ  are  cut  off  by  the  suspension  of  our  manufactures.  By  closing  our  mills,  blowing 
out  our  furnaces,  and  stopping  our  mines,  we  stop  the  entire  productive  industry  of  the 
eoontry.  When  the  manufacturers  cannot  buy,  the  farmer  has  no  market;  therefore 
cor  productive  power  ceases,  and  our  debts  increase. 

We  are  forced  to  this,  if  we  do  not  protect  the  labor  of  onr  people  from  the  low  prices 
of  Europe.  The  free  laborers  of  America  will  not  toil  for  the  miserable  recompense  of 
flfty  cents  per  day, — we  hope  never ;  and  if  they  would,  how  much  of  our  debt  could 
they  pay,  after  providing  for  their  families?  They  con  make  a  better  living  by  tilling 
llie  soil  until  it  is  exhausted,  though  no  better  use  of  their  surplus  com  may  be  found 
than  to  bum  it  as  fuel. 

The  political  economy  of  the  United  States  is,  therefore,  plain.  We  must  have  a  pro- 
teetiye  tariff,  or  a  war  with  the  manufacturing  Powers  of  Europe.  The  first  is  the 
most  desirable  and  the  most  profitable ;  but  the  last  is  far  better  than  free  trade. 

OUR  DOMESTIC  DEBTS. 

If  our  foreign  debt  is  a  burden,  our  domestic  debt  is  the  reverse,  and  the  $2,500,000,000 
of  the  .national  loan  which  still  remains  in  the  country  adds  to  our  productive  wealth, 
vbile  the  $500,000,000  which  has  been  exported  is  a  heavy  drain.  The  smaller  amount 
is  B  real  debt,  which  taxes  the  resources  of  the  nation;  while  the  larger  amount  is  not 
B  hondjide  debt,  but  a  simple  conversion  of  the  value  of  real  estate  into  funds;  and  we 
thus  make  our  wealth  in  property  available  as  business  capitaL  This  is  frequently 
done  by  all  business-men  in  a  private  way ;  but  individuals  could  not  make  their  notes 
enrrent,  except  at  home,  even  though  their  wealth  in  lands  and  houses,  mines,  fumaceR, 
mills,  kc.t  were  ten  times  greater  than  their  ''promises  to  pay."  But  the  Qovernment 
hae  power  to  bind  the  wealth  of  the  nation  for  the  payment  of  its  j^romuef,  and  thui 
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creates  from  tho  dead  or  idle  wealth  of  the  people  an  active  cash  coital*  which  ii  cqiil 
to  gold  in  all  parts  of  our  country,  and  eagerly  sought  for  in  Europe.  As  long  is  we 
hold  and  use  this  capital,  it  really  increases  our  wealth  to  the  amount  issued,  if  iriduB 
a  reasonable  percentage  of  the  aggregate  value  of  our  property  and  in  the  coafidoiei 
of  the  people.  It  is  now  one-sixth  of  the  national  wealth,  and  less  than  the  vsloe  of 
our  annual  productions. 

That  which  we  send  abroad,  however,  becomes  a  burdensome  debt,  unless  we  reem 
gold  at  par  for  our  bonds  and  invest  it  in  some  productive  business  which  will  ptj  i 
profit  over  and  above  its  annual  interest.  At  the  rate  at  which  our  bonds  ore  now  going 
abroad  in  exchange  for  goods,  while  our  manufacturors  are  comparatively  idle,  we  will 
soon  find  tho  greater  portion  of  it  a  direct  present  debt,  entailing  an  annual  future  kwL 
Therefore  our  national  loan  may  be  made  a  national  debt  or  a  national  cash  capital, 
according  to  the  intelligence  of  our  people  and  tho  wit^dom  of  our  statesmen. 

Jay  Cooke  has  issued  a  second  pamphlet,  showing  how  our  ''national  debt  majle 
made  a  national  blessing.''     From  this  wo  Khali  quute  largely. 

Many  doubt  that  debts  are  blessings^  and  we  do  not  wish  to  present  the  subject  usdcr 
an  unfavorable  light.  As  presented  in  the  furcible  language  of  Samuel  WilkinNB, 
Esq.,  the  arguments  arc  in  opposition  to  the  prejudices  and  life-long  training  of  "pn> 
dent  business-men,"  who  cannot  divest  themselves  from  their  habits  of  thought.  Btt 
when  we  consider  the  Gocernment  debt  as  a  CommomccaUh  credit,  which  it  wuuld  bsfe 
been  if  created  without  war,  we  remove  the  "  beam  from  their  eye." 

As  a  r6sum6  of  many  of  tho  arguments  and  facts  set  forth  in  the  present  dupto', 
our  quotations  are  appropriate  and  to  the  point.  We  do  not,  however,  present  in  fvO 
the  arguments  of  the  pamphlet.  We  leave  their  demonstration  to  time,  but  use  Umii 
only  which  are  self-evident. 

now  OUR  NATIONAL   LOAN  MAT  BE    MADE  A  CASH  CAPITAL   INSTEAD  OP 

A  DEBT. 

*'  The  following  is  a  table  of  the  permanent  indebtedness  of  Great  Britain,  FnuMi^ 
Russia.  Austria,  and  the  United  States,  of  tho  burden  of  the  interest  of  the  debt  of 
each  Government,  of  the  burden  of  the  debts  per  capita  on  the  population  of  csci, 
and  of  the  ratio  of  the  interest  to  the  annual  production  of  the  five  countries  respeefe- 
ively : — 


Dobt 

Intercft 

Debt 
Capit». 

1 
lUteoriifc 

PndDclta 

France,  1803 

$2,304,000,000 
1,203,400.000 
1,110.800,000 
4,000,918,944 
3,000,000,000 

$182,800,000 

76.100.000 

27,100,000 

137,604,648 

105,000,000 

$62.12 
36.00 
19.64 

129.33 
86.72 

Austria,  1804 

Hussin.  1804 

Great  Briiuin,  1803 

8.81 

United  States 

8.6S 

*'  Our  ability  to  pay  our  war  debt  has  been  demonstrated  by  an  exhibit  of  the  9- 
sources  of  the  nation.  The  best  statists  connected  with  the  financial  department  of 
the  Government  have  shown  that  the  customs  revenues  of  the  United  States,  the 
excise  and  internal  taxes,  our  mineral  regions  scarcely  yet  opened,  our  two  milliot* 
of  acres  of  petroleum  wealth,  our  unsold  public  lands,  and  the  certain  growth  of  ^ 
country  in  population  and  the  equally  certain  increase  of  its  manufactures,  will  be 
sufficient  to  discharge  this  debt  to  the  last  dollar  within  twenty-five  years.  And  thi* 
debt  will  be  discharged,  if  the  people  so  ordain.    Its  payment,  or  its  retention  unpaid,  it 
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a  BUifctor  for  the  people  to  decide.  It  is  their  debt  to  discharge,  if  it  be  a  burden.  It 
ii  their  debt  to  perpetuate,  if  it  bo  a  good. 

"  In  studying  these  permanent  debts,  and  discussing  the  policy  of  maintaining  them, 
or  discharging  them  by  payment,  tlic  mind  should  free  itself  from  the  tyranny  of  words. 
Great  Britain  is  in  debt  to  Great  Britain.  Great  Britain  does,  indeed,  owe  Great  Britain  four 
thousand  millions  of  dollars.  The  burden  of  the  debt  crushes  the  mind  in  contemplation 
of  it.  But  its  Tastness  is  not  the  measure  of  the  obligation ;  for  there  is  no  engage- 
nent  on  the  part  of  the  debtor  kingdom  to  pay  the  principal  of  the  debt,  and  little  if 
Any  expectation,  and  less  desire,  on  the  part  of  its  creditor  subjects  that  it  shall  bo 
paid.  The  principal  of  the  debt,  being  thus  removed  from  our  educated  idea  of  a  legal 
burden,  and  of  the  necessity  to  discharge  a  pecuniary  obligation,  ceases  to  represent  the 
burden. 

"  The  interest  of  the  debt  only  becomes  the  measure  of  its  burden.  Great  Britain  does 
owo  to  Great  Britain,  confessedly,  $4,000,000,000.  But  practically,  and  by  consent  and 
harmonious  arrangement,  Great  Britain  owes  to  Great  Britain  only  $127,000,000  a  year. 
And  that  is  a  very  small  debt  for  tlio  proprietors  and  workmen  of  the  *  workshop  of 
the  world'  to  owe  to  each  other.  Its  distributive  burden  is  but  $129.33  a  Iiead,  which 
ia  not  assessed  on  pay-day  per  capita,  but  is  justly  apportioned,  the  larger  share  upon 
the  proprietors  of  the  workshop,  and  the  smaller  and  smallest  upon  the  artisans  and 
hiborers.  This,  practically  and  iiuancially,  is  a  fair  statement  of  the  nature  and  burden 
of  the  much-talked-of  British  debt. 

*'  Such,  too,  should  be  the  regard  of  our  debt.  The  United  States  will  owe,  mostly  to 
tiie  people  of  the  United  States,  $165,000,000  a  year.  The  burden,  nominally  $80.72 
npon  every  citizen,  and  less  than  that  of  the  British  debt,  unlike  that  of  Great  Britain, 
will  every  year  rapidly  diminish  by  the  rapid  incpease  of  our  population  by  immi- 
gration and  natural  growth,  and  by  the  rapid  augmentation  of  our  wealth.  Fur  among 
the  other  blessings  of  our  war  will  probably  be  the  transfer  of  the  workshop  of  the 
world  from  England  to  America. 

"  The  Englishman  who  has  £20,000  in  three  per  cent,  consols  at  his  bankers,  and 
only  ten  guineas  in  his  pocket,  and  who  gives  assent  to  a  proposal  made  to  him  to  go 
mine  for  coal  on  Vancouver's  Island,  has  got  X20,000  in  cash  to  go  into  the  operation. 
He  knows  that  positively.  The  world  knows  it.  British  consols  are  cash  capital.  This 
eannot  be  controverted.  And  the  $4,(X)0,000,000  of  British  debt  is  national  cash  capital 
to  the  industry  and  commerce  of  Great  Britain.  For  half  a  century  this  seemingly  and 
nominally  huge  and  burdensome  debt  has  served  to  vitalize  the  manufacturing  and 
trading  genius  of  the  English  people,  and,  as  money,  has  enabled  the  British  to  do  for 
that  long  time  the  marine  carrying  for  the  world,  and  to  make  for  the  world  cloth,  iron, 
■teel,  tin,  and  hardware.  This  enormous  mass  of  capital,  infused  into  the  business  of 
England  at  the  close  of  her  twenty-two  years'  war  with  the  French  Republic  and 
Empire,  almost  always  of  par  with  gold,  convertible  daily  and  hourly  into  gold, 
aocepted  as  gold  in  all  transactions,  was  the  source  of  that  prodigious  development  of 
mechanical  industry  and  accumulation  of  wealth  which  so  suddenly  bore  upward  the 
English  after  the  battle  of  Waterloo  to  the  command  of  the  trade  and  finances  of  the 
globe." 

But  England  does  not  import  over  double  her  exports.  She  does  not  buy  twice  as 
much  as  she  sells,  and  pay  the  difference  in  bonds  at  from  five  to  six  per  cent,  interest 
Nor  does  she  owe  $1,000,000,000  to  other  nations.  Not  one  cent  of  her  bonds  goes  out  of 
the  hands  of  her  citizens,  if  she  can  prevent  it  by  legislation ;  and  this  has  been  so 
effectually  done  that  she  is  a  lender  of  money,  instead  of  a  borrower. 

Her  intelligence  enabled  her  to  make  her  national  loan  a  national  blessing  instead 
of  a  debt,  and  the  industry,  thrill,  and  enterprise  of  her  people  have  made  her 
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9'1,(KX),0<X),000  in  bonds  a  prodaclaye  cash  capital  whose  acciimalatioDa  haye  ii 
tli(^  prinoipul  more  than  ten  times  since  its  creation. 

**  Tho  Knglishman'H  X20,(K)0  in  consols  are  mortgages,  each  and  all,  upon  frmj 
iiobliMuan's  entnte  nnd  every  spinning  jenny  in  Great  Britain ;  upon  erery  ooskuns 
mid  every  ship :  a  mortgage  of  record  upon  every  mug  of  beer  held  in  the  fist  of  t 
workinj^-mun  thn^ughout  the  kingdom ;  a  mortgage,  signed,  sealed,  acknowledged,  tnd 
delivoreil.  on  the  whole  life,  ay,  on  the  death  and  burial,  of  the  people  of  all  ^wgUM. 
It  is  the  nationality  of  this  promise  to  pay,  backed  up  by  the  most  vigilant,  distrnstfol, 
and  thorough  system  of  taxation,  for  the  enforcement  of  which  the  whole  power  of  the 
t*  >vornment,  military  and  civil,  is  pledged,  that  makes  British  consols  the  equivalent 
praotivally.  i>f  British  guineas:  that  makes  the  four  thousand  million  dollars  of  British 
\iobi  an  AvI  ii'.ion  of  four  thousand  million  dollars  of  money  to  the  capital  the  kingdom 
otherwise  ix'^ses^ed  ac  the  beginning  of  this  century. 

••  U  i*  rrwiselv  so  with  the  war  debt  of  the  United  States.  Seven-thirties  are  anil- 
aMo  tVr  any  eucer|>ri$e  to  wt\ich  unoccupied  lands,  undeveloped  mines,  unestabliBhed 
arc»«  and  uuseited  vvmmerve,  invite  Americans.  They  are  cash  capital,  literally,  abi>' 
iutv*Iy.  ami  without  fi^ire  of  speech.  Practically  they  are  cash  in  bank  and  cash  in  the 
isNrkec.  The  arcidoial  measures  of  their  value  which  stock  exchanges  have  sucoeeddi 
Ml  !usci:u:in^.  ac  time<k  nominally  gave  fluctuation  to  their  worth  as  they  lie  in  te 
^urettu-^irawerv  ot*  tanuorsw  But  in  reality  the  depreciation  of  Wall  Street  does  Mt 
whtulo  otf  ;ho  thoosaudch  part  of  a  hairVbrcadth  from  that  worth.  Those  fanien 
)lik»w  chat  chey  &re  a  tirct  K^nd  and  mortgage  upon  all  the  United  States  and  on  all  the 
*'vyplv  of  cbc  Vaiced  State*.  But  whether  three  per  cent,  above  par  or  one  per  eoit 
»b\*\e  var.  hv»M«r9  of  th't»  war  debt  of  $3,000,000,000  can  any  day  and  any  hoar,  ftm 
Ntii  VrttUv'i.Hvv  tv»  New  York,  and  from  Portland  to  New  Orleans,  convert  it  into  cash. 

vHir  uaiioual  debt  should  K^  held  firmly  in  place,  as  the  foundation  of  a  systamif 
ai^^MT^iti^  uactvnal  todustry.  which  shall  relieve  us  from  dependence  upon  Eaxaf% 
o^ii.il:  ^ne  UA  .!>o  *J0tir  aud  cheap  home  market  instead  of  the  distant  and  cosily  fim^ 
•i..iiic<'(.  >i).iil  Ji'uMe  the  profits  of  farming  by  doubling  the  markets  for  fann-prodneiik 
>.).«!'  x«««.n'  -to  sui-sfii  tha:  ij>  devoted  to  agriculture. — which  is  the  sheet-anchor  of  difl^ 
.  i«4«  u  V  x.Kil'  'S.V  man  by  freeing  labor,  by  giving  it  many  markets  in  which  to idl 
:«■■•    »'  A  un.»oau  '  bivlders. 

V  i*oiiti.u<ou(  revenue  tariff  will  bo  necessary  to  enable  us  to  pay  the  interest  of  the 

:.  :i.  »ii.l  tiKH>t  bho  current  expenses  of  tho  Gk>vernment.    This  tariff  upon  foreign  mau- 

•  i^.  4i«ico.  ti^vcvtary  in  itself,  is  also  necessary  to  sustain  the  internal  tnxation  and  ezeiM 

.«.k^44A  ■>!  iho  wuntry.     It  is  a  wall  to  prevent  our  domestic  manufactures  from  beng 

«iu  :i.J  Av^.^y  by  importations.     Wo  can  have  no  trustworthy  and  increasing  inteml 

\cit\kv  \^ithout  WO  have  permanent  protection. 

1  ho  U>Lids  of  the  United  States,  accepted  throughout  the  United  States  as  the  hi^Mt 

.\-uiiu,  aikil  liaving  a  uniform  value  in  every  one  of  the  States,  are  the  only  ml  vd 

.lie  o<|uivHlcnt  for  gold  and  silver,  and  the  only  available  basis  for  a  uniform  bank-4M)te 

urroiioY  that  shall  be  money  all  over  the  Republic.     Commerce  demands  this  unifoni 

>  ui  rouoy.    Politics  require  it.    Tho  money  that  is  at  once  current  in  Massachusetts  ui 

Alubuiim,  that  has  par  valuo  in  Nebraska  and  South  Carolina,  in  Virginia  and  New 

\i»rk,  that  is  taken  and  passed  without  scrutiny  or  suspicion  by  the  advocates  of  ilaie 

iiilMir  mill  the  advocates  of  free  labor,  by  extremists  in  the  South  and  extremists  in  the 

N.irtli,  l»y  the  people  of  the  two  sea-boards  and  the  people  of  the  Mississippi  Valley, 

hiMi  tli(t  iiiisHion  to  wear  down  the  sectional  barriers  which  the  doctrine  of  State  righti 

uiid  lli«<  partisanship  of  politics  have,  for  three-quarters  of  a  century,  been  building  ip 

iiilii  fortiflnd  camps  of  division  and  civil  war.     And  the  uniform  national  banking  etf" 

iKiKiy  IV ill  perform  this  mission. 

''Thnrci  in  not  now  any  other  basis  for  this  currency,  nor  can  any  other  be  derisei 
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ftftn  the  debt  of  tbe  whole  United  States..  The  issoe  of  national  bank  notes  at  presoit 
k  restricted  to  $300,000,000,  and  the  States  in  rebellion  are  not  reconstructed,  and  the 
lational  banking  system  has  hardly  crossed  the  Mississippi  River.  No  man  will  say 
thai  that  volame  of  currency  is  enough  for  the  coming  wants  of  the  nation,  who  con- 
lidan  the  demand  for  money  to  spring  up  in  the  resurrected  and  reinvigorated  South, 
and  aoon  in  the  West  and  the  far  Northwest;  who  considers  the  prodigious  immigration 
tint  began  to  pour  into  the  country  before  the  rebellion  grounded  arms,  and  which  will 
ftr  yean  flood  to  us  from  Germany,  England,  France,  Ireland,  Norway,  and  Sweden ; 
who  considers  the  vast  attraction  of  manufactures  and  arts  from  Europe  to  America  by 
a  tariff  system  that  promises  lasting  rewards  to  labor  in  the  midst  of  politics,  that 
eiown  labor  with  freedom  and  social  equality ;  who  considers  the  marvellous  develop- 
ment of  industry — mining,  manufacturing,  and  agricultural — of  which  our  country  is 
destined  soon  to  be  the  theatre,  and  every  hour  of  every  day  of  which  will  demand  cur- 
lenoy  as  the  machine  of  its  exchanges. 

"  This  is  not  a  hazardous  opinion  which  declares  that  in  less  than  twenty  years  our 
national  bank  note  circulation  will  be  one  thousand  millions  of  dollars.  Bear  in  mind 
that  there  are  now  in  the  United  States  thirty-five  millions  of  people,  and  that  for  the 
Inst  half-century  the  population  of  our  country  has  doubled  in  numbers  in  every  twenty- 
tiiree  and  a  half  years.  The  currency  that  sixty-one  millions  of  people,  unequalled  in 
indastry  and  untrammelled  in  enterprise,  will  require,  has  got  to  have  the  basis  of  a 
national  credit.  There  is  no  other  foundation  for  it  to  stand  on  that  will  impart  to  it  at 
enoe  security  and  nationality. 

"  Secondly.  There  is  no  reason  to  apprehend  that  the  interest  of  the  national  debt  will 
be  burdensome  to  the  people  and  oppressive  to  the  development  of  the  resources  of  the 
eoantry;  because,  afler  legislation  has  readjusted  the  internal  taxes  and  excise,  and  re- 
nmodelled  the  tariff  so  as  throw  the  weight  of  the  debt  on  luxuries  and  accumulated 
Wealtfa,  where  it  ought  to  be  thrown,  and  made  to  rest  lightly  on  the  necessaries  of  life  and 
en  d«ly  labor,  it  can  almost  wholly  lighten  the  burden  by  diffusing  it,  year  afler  year,  over 
•  larger  population,  through  greater  production,  increased  wealth,  and  increasing  incomes. 
Time  will  effect  this,  unaided ;  but  legislation  and  associate  action  can  rapidly  hurry 
this  diminution  of  the  debt  and  of  the  weight  of  the  interest  Organize  immigration, 
remove  to  the  United  States  the  cotton  manufacture  of  England,  bring  here  a  large  part 
of  the  silk  and  muslin  manufacture  of  France,  the  iron  make  and  the  cutlery  manu- 
fbetare  of  Britain,  lifl  up  and  bring  here  a  large  portion  of  the  mining  population  of 
Europe,  set  it  down  in  Pennsylvania,  Virginia,  and  that  further  imperial  mineral  domain 
which  extends  through  seventeen  degrees  of  longitude  and  sixteen  degrees  of  latitude,  and 
oootains  an  area  of  more  than  a  million  square  miles,  literally  crammed  with  gold,  silver, 
eopper,  iron,  coal,  lead,  tin,  salt,  quicksilver,  gypsum,  asphaltum,  and  marble,  and 
which  asks  only  an  amount  of  labor  relatively  equal  to  that  expended  on  California,  to 
jield  four  hundred  millions  per  annum  out  of  two  minerals  alone, — gold  and  silver.  In 
aid  of  this  organized  immigration,  readjust  the  import  duties,  so  as  to  make  it  more 
profitable  for  the  Lyons  weavers  and  the  Spitalfields  and  Manchester  spinners  to  take 
up  their  looms  and  weave  in  America,  than  to  manufacture  where  they  are  and  squeeze 
through  our  custom-houses.  Diffuse  the  burden  of  the  interest  of  our  debt,  abroad  as 
well  as  at  home,  by  imposing  export  duties  upon  products  that  Europe  has  got  to  buy 
of  us  in  spite  of  herself, — on  our  cotton,  tobacco,  petroleum,  and  breadstufis.  There 
will  be  international  justice  as  well  as  political  economy  in  summoning  the  nations 
which  armed,  clothed,  and  fed  the  rebellion,  lent  it  money,  and  built,  manned,  supplied, 
and  refitted  the  corsaira  which  swept  the  commerce  of  the  United  States  for  four  years 
from  all  seas,  to  help  to  pay  the  debt  which  they  helped  to  create.  This  summons, 
through  the  imposition  of  export  duties,  they  will  have  to  obey.  They  can't  help  them- 
selves.    They  must  have  our  four  great  staples,  and  pay  our  price  for  them.    We  say 
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*  ox  port  <]utioH/  knowing  that  the  Constitation  of  the  United  States  forbids  them.  We 
UMo  the  wordH  only  to  convey  an  idea,  and  because  of  their  popalar  significance.  Esdse 
dnlioH  of  Huflicicnt  amount  phould  bo  levied  on  these  staples  where  produced.  They 
would  curry  with  them  these  taxes  if  they  went  abroad. 

'*  If  tlK'y  were  consumed  at  home,  the  laws  would  see  to  it  that,  by  suitable  drawUcb 
or  li^htor  taxation  on  the  manufactured  article,  the  domestic  interests  of  the  ooootrj 
won;  Huffiricntly  protected.  The  rebels,  in  copying  our  Constitution,  omitted  the  cUa» 
for))id<lin};  export  duties,  intending  to  make  England  and  France  pay  the  cost  of  their 
wiir.  and  the  expense  of  establishing  and  maintaining  their  Confederacy,  ontof  taxei 
upon  the  eotton  and  tobacco  they  would  have  to  buy." 

Ill  ro«^anl  to  the  payment  of  tlio  national  debt,  it  is  pretty  certain  that  the  Govern- 
ment could  not  pay  it  now,  or  one-tenth  of  it,  even  if  they  had  the  money  to  do  it;  isd 
it  may  reijuiro  something  more  than  an  offer  when  the  bonds  mature.  Nothing  lees 
tiian  the  huspensicui  of  interest  will  induce  the  j)eople  to  give  up  their  bonds.  Tliey 
are  better  than  gold  to  the  laboring-man  or  the  banker,  because  they  constantly  s^ 
oumulnte.  But,  nevertheless,  wo  do  not  advocate  any  scheme,  however  attracuTe, 
whieh  tends  to  repudiation  or  the  non-payment  of  the  principal  of  our  national  loan. 
We  think  it  highly  important  that  we  should  know  ourselves  able  and  willing  to  paj 
our  Kinds  as  they  fall  due,  and  that  the  world  should  see  and  feel  our  power  not  oolj 
ti>  nmke  war  suoeesjifully,  but  to  pay  the  costs  of  war.  If  we  provide  for  the  payment 
of  K'th  iuiere^i  and  principal  of  our  present  debt,  we  shall  be  able  to  raise  double  tbe 
anuHkut  in  auv'iher  emer«;enoy.  But  the  simple  fact  of  our  will  and  ability  to  fiay  cur 
dcht«  will  prv\out  their  accumulation  in  future. 

GOLD  vs.  NATIONAL  CURRENCY. 

t^U«)  t^r  silver  is  necessary  to  settle  the  balance  of  our  exchanges  with  foreign  natioo^ 
n«!M  a^  Knnk-iuMos  are  necessary  to  business-men.  The  value  of  gold  is  unchangeabk 
«nd  tho  vune  in  all  civilized  countries.  It  flows  to  all  manufacturing  countries  tbi 
^\)SM*«  \^r  N«*n  mort^  than  they  import  or  buy ;  but  it  flows  from  all  agricultural  countria 
th^f  'imxv^rf  or  huy  more  than  they  export  or  sell.  It  represents  the  profit  of  tndeor 
^N^wmi^-ve.  and  the  people  who  import  gt>ld  grow  rich,  while  they  who  export  it  grow 
kssst  M^dependont  of  the  increase  of  national  wealth  in  property. 

Vh^'  ttwMo  iioeuniulation  of  gold,  however,  without  investing  it  in  labor-saTiog 
v^^i^^'K<Moi> ,  l\irim(*eH,  niHls,  and  productive  property  generally,  would  be  of  no  more  me 
9n«  Ma  Ummi  I  tit)  pild  of  Mexico  and  Peru  was  to  Spain. 

^\m  d^Mitenliit  purposes  and  home  circulation  our  present  national  currency  is  more 
M^««()uhlit  (hun  gold,  and,  being  secured  by  first-mortgage  bonds  on  our  property,  while 
\Uy  Imuom  ant  regulated  by  the  Government,  there  is  no  danger  from  suspension  sod 
luuki'uptH^y. 

titiv  ei'uuKMit  bonds  in  the  vault  of  the  banker  are  worth  more  to  him  than  gold,  becaaM 
|hvv\  let  urn  liiui  live  or  six  per  cent,  interest  and  are  still  security  for  his  banking  capitil 
iu  laoius  whieh  returns  as  much  profit  as  if  they  were  secured  by  deposits  of  gold. 

Husiuehrt-nion  who  deal  with  the  banks  will  eventually  reap  benefit  from  this,  becaiue 
iiupitiilintri  will  be  able  to  lend  their  money  at  lower  rates  and  extend  their  accommo- 
iluliitiia.  Th»  peo])lc  will  also  profit  from  the  increase  in  the  amount  of  capital,  became 
U  liinilb  to  iiiiike  money  more  plentiful,  and  when  money  has  a  real  instead  of  an  in- 
liiiUiil  or  HrtitiiMis  value  it  can  scarcely  be  too  plentiful.  When  our  bonds  are  at  par. 
MMr  r.urmui'y  will  bo  equal  to  gold,  and  far  more  convenient. 

liiild  dti»M  not  represent  wealth  more  than  real  estate  and  certain  kinds  of  property, 
iijlii;»;  priidue.tive  furms,  mines,  furnaces,  mills,  and  factories,  and  labor-saving  machiaei; 
^nmsmWy,  are  more  valuable  than  gold,  under  a  wise  political  economy. 
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Re  isfue  aiid  redemptioii  of  oircolating  notes,  which  answw  »  batter  pnrpoM  for 
toteeilio  bonness  transaetions  than  specie,  can  be  secured  as  eflectoally  on  a  property 
M  Ob  a  gold  basis,  provided  the  faith  of  the  (jkyremmeDt  is  pledged  to  assess  fairly  the 
vealtii  of  the  nation  to  support  it  and  secure  its  general  circulation  and  its  final  re- 
demption, if  so  desired. 

Prirate  issues  of  notes  on  either  a  gold  or  property  basis  have  less  utility,  and  oon- 
llanfly  decrease  in  value  as  they  recede  from  the  point  of  issue,  are  affected  by  panics, 
fiootoations  in  values,  and  individual  bankruptcy.  But  a  national  currency,  secured  as 
OOTB  is,  provides  a  better  circulating  medium  than  gold,  or  the  issue  of  notes  by  private 
banks  on  the  deposits  of  gold  in  their  vaults. 

The  creation  of  bank-notes,  therefore,  from  the  real  estate  or  fixed  wealth  of  the  peo- 
ple, as  a  circulating  medium,  or  money,  increases  the  value  of  the  real  estate  on  whioh 
U  fa  based,  by  giving  the  means  to  develop  its  resources,  thereby  changing  unproductive 
lo  productive  property, — the  seam  of  coal  and  bed  of  ore  into  iron,  and  iron  into  rail- 
roads and  labor-saving  machinery.  These  become  more  valuable  than  gold  in  ratio  to 
oost,  because,  while  intrinsically  valuable,  thoy  enable  us  to  increase  our  productiveness 
ft  hundredfold.  The  bank-note  thus  becomes  the  machinery  by  which  we  develop  our 
rssonrces,  and  is  the  first  step  towards  the  accumulation  of  gold,  instead  of  a  result  of 
Hs  possession.* 

The  check  and  the  bank-note  stimulate  circulation,  giving  increased  value  to  labor 
and  the  products  of  labor ;  and  wherever  these  notes,  properly  secured,  are  most  in  ass, 
tiiere  the  inward  current  of  gold  is  most  firmly  established. 

**  That  such  is  the  case  is  proved  by  the  fact  that  for  a  century  past  the  preoioos 
■Mtals  have  tended  most  to  Britain,  where  such  notes  were  most  in  use.  Their  use 
Increases  rapidly  in  France  with  constant  increase  in  the  inward  flow  of  gold.  So  too 
it  in  Germany,  towards  which  the  auriferous  current  now  sets  so  steadily  that 
which  are  the  representatives  of  money  are  rapidly  taking  the  place  of  those  irra- 
#semable  pieces  of  paper  by  which  the  use  of  coin  has  so  long  been  superseded. 
*'  "Whence  flows  all  this  gold?  From  the  countries  in  which  employments  are  not 
ttversifled ;  from  those  in  which  there  is  little  power  of  association  and  combination ; 
ftmn  those  in  which,  therefore,  credit  has  no  existence ;  from  those,  finally,  which  do 
aot  use  that  machinery  which  so  much  increases  the  utility  of  the  precious  metals, 
and  which  we  are  accustomed  to  designate  by  the  term  hank-note.  The  precious  metals 
gn/rom  California,  yrow  Mexico, /rom  Peru, /row  Brazil, /rom  Turkey,  and  from  Portu- 
galf  the  lands  in  which  property  in  money  is  transferred  only  by  means  of  actual 

•  This  maj  seem  gtrange  doctrine  to  those  who  adTocate  a  "bard  mosey**  currency;  but  if  we  can  atatd  lb* 
■■ft IT  properly,  it  miut  be  as  coDTiocing  as  it  is  correct. 

Gold  Is  always  the  most  diflScult  property  to  acquire,  while  it  is  the  most  useless  for  the  purposes  of  deyelop- 
BHmt,  unless  inTested  in  some  other  property  which  Iji  productiro.  Therefore,  prodnctlTe  property  is  worth  mors 
thMi  gold  at  ordinary  or  common  Talues;  but  property  cannot  be  made  prodnctiTe  unless  money  is  first  obtabMd 
to  davslop  it.  Our  coal*flelds  and  mountains  of  iron  are  worth  more  than  all  the  coined  gold  of  the  world;  but 
wa  cannot  conrcrt  them  into  gold  until  we  have  the  moons  of  conrertlng  them  first  into  steam  and  iron,  now, 
thoa,  can  wo  acquire  the  means?  By  the  ruinous  process  of  exhausting  the  soils  to  feed  the  poor  of  Europe  I 
VUs,  we  HaTe  shown,  is  a  losing  bnsinees.  But  if  we  accumulate  a  little  gold  during  protectire  periods  it  is  eon- 
proper  to  hide  it  away  in  the  vaults  of  a  bank,  and  Issue  bank-notes,  as  a  more  oouTeniont  medium  of  ax- 
and  circulation.  Would  it  not  be  more  praetical  and  business-like  to  deposit  our  coal-fields,  our  moun- 
of  ore  and  fountains  of  oil,  which  are  more  valuable  than  gold,  with  the  common  treasury  of  the  nation,  as 
■aovlty  fi>r  the  means  to  increase  their  value  f  A  piece  of  paper,  stamped  by  a  powerfU  Government  and  secured 
bj  mortgage  on  lands  and  mines  which  are  invaluable,  is  as  acceptable  and  availabla  at  home  as  gold.  The 
fdth  of  the  nation  Is  pledged,  every  one  of  us  is  interested,  and  the  paper  beoomsi  money,— $3,000,000,00(V— 
wiUMmt  making  us  one  cent  the  poorer,  while  it  gives  us  the  means  of  enriching  ourselves  by  a  full  development 
of  our  resources.  Gould  not  this  bavo  been  done  without  war?  Is  there  no  way  of  providing  money  as  the  means 
of  dovalopment  without  compulsion?  If  so,  is  it  safe?  Will  it  bind  the  people  to  the  Government  and  at  the 
SHDio  time  secure  the  people  ?  At  present,  what  one  pays  in  faxes  another  receives  in  inAartd;  while  the  capital 
li  eonaitantly  In  use,  realiiing  from  ten  to  twenty  per  cent,  increase  to  the  wealth  of  the  nation.  "  Protection**  la 
tiM  only  altemativak 
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dnllvttrj  of  Uie  coin  itself,  io  those  in  which  it  is  transferred  bj  means  of  a  A»ik  or 
ntiitt.    It  f^owjrom  the  phiins  of  Kansas,  where  notes  are  not  in  ose,  to  New  Yorktnd 
Now  Kngland,  where  they  are, /rom  Siberia  io  St.  Petersburg,  yrom  the  banks  of  Afri- 
can rivorM  /<>  London  and  Liverpool,  and  yrom  the  '  diggings'  of  Australia  to  the  tanm 
and  oitios  of  Germany,  where  wool  is  dear  and  cloth  is  cheap. 

"AH  the  facts  exhibited  throughout  the  world  tend  to  prove  that  every  commodity 
•ooks  that  place  at  which  it  has  the  highest  utility ;  and  all  those  connected  with  the 
iiiov<>m<>nt  of  the  precious  metals  prove  that  they  constitute  no  exception  to  the  mle. 
Bank-notc:»  increase  the  utility  of  those  metals,  and  should,  therefore,  attract,  and  not 
T<«{H«U  thorn.  Nevertheless,  the  two  nations  of  the  world  which  claim  best  to  unde^ 
stand  tho  principles  of  commerce  are  now  engaged  in  a  crusade  against  those  notes, 
in  tho  vain  h«.^(v^  of  thereby  rendering  their  several  countries  more  attractive  of  ths 
|u\Kiu\v  of  the  mines  of  Peru  and  Mexico,  Australia  and  California.  In  this  esN 
Kn^Und  follows  in  our  lead. — Sir  Robert  Peel's  restrictions  being  later  in  date^by 
sr\eral  veiftrik  than  the  declaration  of  war  against  circulating  notes  fulminated  by  oor 
0\*vvmment. 

''  It  k^  A  luir^  ab«urdttT.  and  its  adoption  here  is  due  to  the  fact  that  our  system  of 
l^vicY  ^M3^l5  to  that  expuUion  of  the  precious  metals  which  always  must  result  fron 
«h^  Icc*J^o'o::Itued  exp^'rt  of  the  raw  products  of  the  earth.  The  administration  tktt 
i^^iircxHi  1*  hac  s»  o&IIed  tre«  trade  was  the  same  that  commenced  the  system  of  epa- 
M»i.:/fc/  :h^  v.vminuLaity  u>  ud^^  ^Id  instead  of  notes;  and  the  result  was  found  in tfai 
iutt^Mxiir^uKv  trom  cIrvuUtion  of  coin  of  any  description  whatsoever.  From  that  tiiN 
%^  ih«^  pr^wouc»  tiM  Bftecco  of  the  prnerally  dominant  party  of  the  Union  has  been,  'Wir 
%>  %ht>  iouch  a^ttKi  NukHBioces  :*  and,  with  a  view  to  promote  their  expulsion,  Ism 
h«^«  tsvu  p«iti«»^  ia  various  States  forbidding  their  use  except  when  of  too  large  ■!• 
It/  4ttuw  iKhh^  inot/  tiM  araoMctioQS  of  the  community.  As  must,  however,  inevitably  bi 
t4k«»  >.>aA\  'ih»  tvttd^racy  oo  th«  loss  of  the  precious  metals  has  always  been  in  tha  dutek 
?^%uv  sH  '.ho  Jtmittauoa  in  their  utility  thus  produced.  At  one  time  only  in  alnoit 
v«^\sti\  ^vtiTK  U(i:i  :her^  be«n  an  excess  import  of  those  metals;  and  that  vras  undvtiM 
HM«:f  A  '^<i'  C^cct  mv'uey  became  abundant  and  cheap,  because  the  policy  of  tbl 
y>si4«.»>  \>  «.*>\i  '.V  ih^  prv>motion  of  association  and  the  extension  of  commerce.  Nov 
a  A  <k^  Hx-  « .^t  Jvsi.-'.  N\'ause  that  policy  limits  the  power  of  association  and  establidlifli 
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V  ^  vu  .»t»i»ivpriato  conclusion  to  this  chapter,  we  present  a  scheme,  from  the  pen  of 
Vt.  M)«.iu.«u.  (v»  MtH'^ure  the  results  pointed  out  as  necessary  to  the  practical  develc^mMst 

tt  i2i  ik*  UiHH>HHary  that  we  should  have  certainty  and  permanence  in  our  finanoiil 
^  lanu  i4ud  iHuumorcial  relations  as  it  is  that  we  should  have  protection  to  our  domestis 
II.  lu-ibiv.  Tho  plans  presented  are  simple,  practical,  and  sure  to  accomplish  their 
tSji:.  (.  Should  these  propositions  be  accepted  by  Congress  and  established  as  perm^ 
ut'Ub  Uv^ri,  our  national  debt  will  indeed  prove  a  blessing,  and  the  development  of  oor 
U4i^uilUu«iit  resources  will  become  the  wonder  of  the  world,  and  America  the  seat  of 
Ml4>(t.y,  hmriiing,  and  wealth. 

*  Henry  C.  Carey's  Lecture  on  Money. 
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"NATIONAL  CURRENCY.— FOREIGN  COBfMERCB. 

**A  FBW  SUGGESTIOlfS  BESPECTPULLT  SUBMITTED  TO  COMOREBS  AXD  THS  PBOPLl. 

''In  I>ecember,  1857,  the  subscriber  sabmitted  a  plan  to  Congress  for  the  creation  of 
a  national  currency,  similar  to  the  one  now  established.  In  that  recommendation  is 
•mbraced  a  plan  for  regulating  the  issue  of  a  national  currency,  so  as  to  provide  for 
th«  fiitare  wants  of  the  country,  while  at  the  same  time  it  would  effectually  check  an 
orar-iMae  without  any  future  legislation  on  the  subjeck  During  the  progress  of  the 
lobellion  there  was  a  natural  repugnance  to  limiting  any  thing,  because  the  wants  of 
Ihe  country  were  unknown ;  but  the  rebellion  is  now  OTer,  and  this  question  is  neces- 
sarily forced  upon  the  consideration  of  the  people. 

"All  business-men  are  aware  of  the  great  importance  of  stability,  particularly  in 
eairency  and  tariffs,  and,  in  order  to  have  this  stability,  these  questions  must  be  remoyed 
from  legislation  as  far  as  possible.  Our  plan  obviates  the  difficulty  effectually.  We 
•11  know  that  an  inflated  currency  runs  up  prices  far  beyond  their  real  value ;  while  a 
•ontracted  currency  depreciates  all  kinds  of  values.  With  State  banks,  and  even  with 
n  national  bank,  over-issues  could  only  be  partially  controlled,  and  the  country  was 
tihrmys  visited  with  periodical  expansions  and  contractions,  carrying  ruin  everywhere. 
Onder  the  old  system,  this  could  not  be  avoided;  and  even  under  the  national-bank 
ijstem  similar  effects  will  be  sure  to  follow  if  left  open  for  Congress  to  legislate  upon 
iriittnerer  there  is  a  clamor  made  for  more  currency  by  speculators  and  money-chiuigere. 

''Oar  plan  is  this.  First  ascertain  the  relative  value  of  property  compared  with 
Mooey,  80  that  the  proportionate  value  of  each  is  maintained.  This  can  be  done  by 
ftaking  a  period  of  prosperity,  when  there  was  no  over-trading,  and  ascertain  the  returned 
value  of  the  property  of  the  country  and  the  amount  of  currency  required  at  that  period 
to  tnnsaot  the  business.  Our  impression  is  that  it  will  be  found  that  for  every  $30  of 
the  zetomed  value  of  real  and  personal  property  there  ought  to  be  an  issue  of  $1  in 
oomney:  this,  we  believe,  would  give  all  the  currency  required.  We  made  an  estimate 
in  1857,  and  we  found  that  $1  in  currency  to  $30  of  the  returned  value  of  property 
(ezdlading  slave  property,  which,  fortunately  for  the  country,  has  ceased  to  exist)  would 
have  given  at  that  period  a  volume  of  currency  equal  to  about  $400,000,000, — all  that 
wns  required  at  that  time.  Wc  have  no  full  and  complete  data  at  hand  now,  but,  from 
Ihe  best  information  we  could  glean,  the  present  value  of  real  and  personal  property 
would  be  in  the  neighborhood  of  $18,800,000,000.  The  issue  of  $1  for  $30  would  give 
a  Tolume  of  currency  equal  to  $028,000,000  in  round  numbers.  This,  we  believe,  would 
be  ample  for  a  time  of  peace.  The  relative  proportions  might  be  raised  or  lowered 
aooording  to  the  supposed  wants,  if  $1  to  $30  is  considered  too  high  or  too  low;  but  it 
ia  important  that  it  should  be  fixed  permanently  by  Congress  as  early  as  possible,  as 
after  this  year  none  but  a  national  currency  will  be  in  existence. 

"The  value  of  the  property  in  every  State  is  ascertained  every  three  years.  The 
aiarage  annual  increase  for  the  three  past  years  is  known,  and  the  Comptroller  of  the 
Oorrency  should  be  prohibited  from  issuing  charters  for  national  banks  to  issue  cur- 
ranoj  beyond  this  point  annually.  All  applications  'for  charters  can  be  registered  for 
laoh  State,  and  these  charters  granted  in  rotation  so  soon  as  the  increased  property  will 
inurrant  it.  This  plan  requires  no  further  legislation;  it  provides  for  the  increased 
iranta  of  the  country  as  the  business  and  property  increase,  and  effectually  checks 
9ver-i8sues,  over-trading,  and  wild  speculation;  and,  besides,  it  gives  each  State  it« 
proportion  of  currency  according  to  its  wealth  and  business,  which  is  ihe  most  equitable 
Bode  of  dbtribution, — much  better  than  any  distribution  that  can  be  fixed  upon  by 
iinoertain  legislation  by  Congress. 

**  The  plan  is  simple,  comprehensive,  easily  understood,  and  must  commend  itself  to 
•ftry  thinking  business-man  of  the  oountfy. 
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'^The  State  bank  currency  will  all  be  withdrawn  early  in  the  enaning  year.  CongMi 
will,  in  all  probability,  provide  fur  the  gradual  funding  of  the  legal  tenders  betray 
interest  issued  by  Qovernment,  if  not  the  non-interest-bearing  legal  tenders,  and  the 
limit  could  now  be  fixed  so  that,  when  all  the  other  paper  issaea  are  withdrawn,  tk 
national  bank  issues  will  gradually  take  their  place  up  to  the  limit. 

"  After  a  resumption  of  specie  payments  by  the  banks,  the  people  will,  no  donU, 
desire  a  withdrawal  of  all  notes  of  a  less  denomination  than  five  dollars,  and  gold  and 
silver  will,  of  course,  replace  it,  which  would  give  us  all  the  metallic  currency  Teqninl 

"  With  such  a  limit  to  the  issue,  while  it  provides  for  all  our  future  wants  and  all 
sections  of  the  country  in  proportion  to  its  business  and  wealth,  it  would  inspire  grail 
confidence  among  the  business  community  and  all  other  classes,  and  would  prove  to  bt 
the  best  and  most  stable  currency  in  the  world. 

''foreign  commercs. 

"  Closely  connected  with  the  currency  is  our  foreign  commerce.  Whenever  there  an 
over-issues  there  are  over-importations.  A  well-regulated  currency  would  regulate  tbe 
foreign  commerce  to  a  considerable  extent,  but  not  altogether.  In  the  two  great  eo» 
mercial  countries  of  England  and  France  the  importations  and  exportations  are  legi^ 
lated  by  the  national  banks,  which  raise  the  rate  of  interest  when  importations  ait 
excessive,  and  lower  it  as  they  decrease.  Here  we  have  no  such  national  regulator  to 
regulate  interest  and  importations.  In  1850,  Stephen  Colwell,  Esq.,  of  PhiUddpkia, 
an  extensive  iron  manufacturer,  and  who,  perhaps,  is  better  acquainted  with  the  ^ 
tective  policy  in  all  its  details  than  any  person  now  living,  suggested  the  idea  of  a 
sliding  scale,  which  we  think  is  the  most  judicious  recommendation  yet  made  on  tUi 
subject.  It  is  to  fix  a  fair  rate  of  duties  sufficiently  protective  while  they  are  not  pn>> 
hibitory,  and  then  to  authorize  the  Secretary  of  the  Treasury,  whenever  the  exports 
tions  do  not  exceed  the  importations,  say  10  or  15  per  cent,  (exclusive  of  coin),  fto  ii* 
crease  the  rates  of  duties,  say  15  per  cent.,  until  the  exportations  exceed  the  importatkiM^ 
say  10  or  15  per  cent  This  would  take  all  legislation  on  the  subject  oat  of  CongrM, 
and  would  prove  to  be  an  effectual  check  against  excessive  importations,  and  thus  keep 
our  proportion  of  coin  in  the  country. 

"In  carrying  out  this  idea  we  would  suggest  the  following  section  to  be  added  to  tin 
newly-adjusted  Tariff  Bill  that  will  be  brought  before  the  next  Congress: — 

"  'Be  it  enacted^  dec.  That,  leaving  out  of  view  both  the  export  and  import  of  gold 
and  silver,  whenever  the  exports  do  not  exceed  the  imports  in  value  fifteen  per  cent 
during  any  fiscal  quarter  of  any  fiscal  year,  the  Secretary  of  the  Treasury  is  hereby 
authorized  and  required  to  raise  the  duty  on  the  value  of  all  articles  of  foreign  impoit 
(excepting  such  articles  as  have  been  exempted  from  the  provisions  of  the  act)  10  p« 
centum  within  thirty  days  after  the  expiration  of  each  and  every  fiscal  quarter  donog 
which  the  exports,  as  aforesaid,  do  not  exceed  the  imports,  as  aforesud,  fifteen  peroral' 

"  The  same  power  ought  to  be  given  to  reduce  the  duties  also,  when  our  exportatioDi 
are  excessive,  which  would  draw  from  other  countries  more  than  our  due  proportion  of 
coin,  and  thus  destroy  the  markets  abroad  for  our  products.  If,  in  after-years,  under 
the  stimulus  of  this  truly  protective  system,  our  manufacturers  should  obtain  nich  a 
foothold  as  to  require  less  protection,  Congress  could  make  a  certain  percentage  of 
r(«<iu(^tion  on  the  whole  scale  of  duties  to  meet  the  new  state  of  progress  in  our  nuunh 
faoturoM  and  commerce  with  other  countries. 

**ThiH  Hcot  ion  would  also  remove  tbe  tariff  question  from  further  legislation,  and 
w<nild  give  great  confidence  and  security  for  the  investment  of  capital  in  all  branehei 
uf  nianufaoturon. 

••The  knowle<lgo  that  such  a  power  is  lodged  with  the  Secretary  of  the  Treaioiy 
would  tend  to  chock  importations,  because  importers  would  watoh  tiie  monthly  and 
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ireeUj  reports  of  oar  foreign  commerce,  and  govern  themseWes  accordingly.  In  either 
cue,  this  power,  guarded  bj  law,  could  be  better  exercised  by  the  Secretary  of  the 
Treasury,  who  has  all  the  figures  in  his  possession,  than  to  trust  to  the  uncertain  legis- 
lation of  Congress  on  this  subject.  And,  besides,  great  fluctuations  might  occur  at  a 
time  when  Congress  was  not  in  session. 

"With  these  questions  settled,  the  drain  of  coin  could  be  checked,  gold  would  rapidly 
decline  in  value,  and  we  would  then  gradually  descend  from  the  high  war  to  peace 
prices ;  and  when  expedient,  a  resumption  of  specie  payments  could  be  effected  without 
distarbing  the  business  of  the  country  under  the  national  currency  system.  As  all  the 
property  of  the  country  is  pledged  as  a  basis  for  our  national  currency,  and,  of  course, 
a  dollar  in  paper,  with  gold  at  par,  would  be  just  as  good  as  a  gold  dollar  when  resump- 
tion is  effected,  consequently,  there  would  be  no  run  on  national  banks  for  coin,  as 
there  would  be  if  State  institutions  were  still  in  existence,  whose  issues  are  based  only 
on  credit,  which  is  liable  to  sudden  fluctuations. 

"With  our  currency  and  foreign  commerce  thus  regulated  on  a  permanent  and 
equitable  basis,  providing  for  the  future  wants  of  the  country  without  any  further 
distarbing  legislation  on  these  important  questions,  our  country  would  enter  on  a  career 
of  gradual  increasing  prosperity  and  wealth,  unparalleled  in  the  history  of  nations, 
wi^out  any  of  the  great  drawbacks  which  have  so  frequently  checked  our  onward 
career  heretofore. 

"We  consider  it  the  duty  of  every  citizen  to  aid,  as  far  as  it  is  in  his  power,  in  esta- 
blishing good  laws  and  a  good  government  in  the  ordeal  which  our  country  is  now 
passing  through  since  the  great  rebellion  is  crushed,  and  we  respectfully  submit  these 
■nggestions  to  Congress  and  an  intelligent  people  for  their  consideration. 

"  Since  the  above  was  written,  we  have  procured  some  valuable  statistics,  which  wo 
append.  These  statistics  show  that  an  issue  of  $1  in  currency  for  $30  ot  the  value  of 
real  and  personal  property  would  give  us  an  abundance  of  currency  for  all  the  wants 
of  the  country  in  a  time  of  peace. 

In  1860,  we  had  15C2  banka,  with  a  capital  of  $421,800,000,  in  round 

numbers,  with  a  circulation  of $207,102,000 

Coin,  say 50,000,000 

Total  currency $257,102,000 


•f 


'  At  this  period  it  is  well  known  that  all  kinds  of  business  were  prostrated,  but  few 
improvements  were  progressing,  and  the  currency  of  the  country,  for  business  purposes, 
was  largely  diminished. 

"The  returned  value  of  all  real  and  personal  property  in  1860  was  as  follows:  we 
give  the  statistics  in  full,  as  they  contain  interesting  information:* — 

Total  value,  including  slaves $16,159,016,068 

Value  of  slaves,  at  $^500  each 1,976,800,600 

Total  value,  excluding  slaves $14,183,216,668 

Value  of  Free  States $9,825,945,881 

Loyal  Slave  States $1,681,504,580 

^«"«1»^«« 241,840,000       1^890,164,580 

$10,716,109,961 

Value  of  Rebel  States $5,202,166,107 

Less  value  of  slaves 1,785,060,500 

$8,467,105,607 
*  W«  are  indebtad  to  tho  klndnaM  of  Dr.  Sld«r,  of  tho  Trawory  Dtpartment,  for  thcwe  atatUttea. 


606  THE  PBACnCAL  BEVSLOPMENT  OF  OUB  BBOUBCaB. 

ToUl  TftliM  of  ike  Slaye  SUtetM. —..•••.••.••«—.•••-••..-    60^8StkCIO^III 

Urn  TAliM  of  slavM ^ ^.....^...••.       1,WM0(MMI 

ToUl ^ ^ - .    •4,867,S7O^10r 

"Our  limit  of  $1  in  currency  for  $30  of  property  would,  in  1860,  have  pvai,  fli  ^ 
Taloation  of  $14,183,215,000,  $472,773,000  in  currency,  which  would  luiTe 
for  the  country  in  a  state  of  high  prosperity  at  that  period. 

"After  the  commencement  of  the  rebellion  we  have  no  complete  atatistioa  of 
lion;  but  it  is  estimated  that  the  State  bank  circulation  in  the  loyal  States^  J'amiiij l 
1863,  was  about  $195,000,000,  independent  of  the  national  circulation. 

"The  following  shows  Uie  whole  issue  up  to  October  31, 1865,  by  the  Natunal fltv* 
emment^  National  banks,  and  the  estimated  circulation  of  the  State  baaka:— 

"aOTIRNMIHT  I8BVX8. 

BMriog  ItttMMt  TMri. 

1  and  2  years  6  per  eent.  notes $82,964,280  00       $82,064,180  00 

United  States  notes,  old  issue ••...•..«.•.-.. 808,070  00 

«             «      new  issue 427,708^40000 

Compound  Interest  notes,  March  8, 1868 15,000,000  00          16,000,000  00 

Compound  Interest  notes,  June  80, 1864 202,012,141 00        202,012,141 00 

Postal  Currency 0,084,161 04 

Fractional  Currency 17,466,608  00 

$249,966,871  00     $704,617,604 1$ 
Of  thif  $249,966,871,  interest-bearing,  $60,000,000  has  sinea 
been  fiinded,  and  the  balance,  except  probably  $10,000,000,  ia 
hoarded,  and  not  In  circulation  as  currency:  therefore  we  da- 
duct  from  the  total  issue.., 280,066,871 


Which  leaves  in  circulation •••...  $464,661,828  70 

National  bank  issues,  October  81 204,000,00000 

Estimated  issue  of  State  banks,  October  81 60,000,000  00 

Total  currency,  October  81,  1866 $728,661,828  70 

'*  The  statistics  show  that  the  value  of  the  property  of  the  country,  under  only  • 
moderate  degree  of  prosperity,  from  1850  to  1860,  increased  annually  at  the  imie  rf 
about  8}  per  cent.,  or  a  little  more  than  doubled  in  the  ten  years,  independent  of 
property.  We  can  safely  estimate  that  the  actual  yalue  has  increased  60  per 
within  the  lost  five  years,  notwithstanding  ^e  destruction  by  war  in  the  Qogthw 
States,  and  without  taking  into  consideration  the  increased  values  caused  by  an  infliiil 
currency.    This  would  give  the  value  of  the  real  and  personal  property  aa  foUowa:^ 

December  81,  1866,  at $18,'846, 188,258 

$1  currency  for  $80  In  property  would  give  currency 628,262,762 

Amount  of  present  circulation,  as  above 728,661,828 

Making  a  reduction  of $100,888,571 

"  A  gradual  reduction  of  this  amount  of  currency  in  the  year  1866,  allowing  tar  thi 
annual  increase  of  property,  would  bring  us  down  to  peace  prices,  and  would  give « 
an  ample  currency  for  all  manufacturing  and  business  purposes,  and  for  the  devdop' 
ment  of  our  country,  without  making  money  either  too  cheap  or  too  dear,  or  diaiarbiif 
the  relative  value  of  property  and  money. 

"  It  will  also  prepare  the  country  for  a  resumption  of  specie  payments  after  another 
crop  of  cotton  is  raised,  without  destroying  values  or  causing  much  diatarbanee  is 
money  matters,  with  the  taiilT  adyoated  aocording  to  the  foregoing 
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With  the  State  bank  carrency  removed,  and  all  oar  currency  naiioruU,  based  on  all  the 
property  of  the  country,  there  would  scarcely  be  an  ignoramus  found  who  would  run  a 
IuJl  when  his  paper  dollar  is  equal  in  value  to  a  gold  dollar. 

'^The  State  bank  notes  will  be  taxed  out  of  circulation  after  the  first  of  January,  no 
■ote  legal  tenders  will  be  issued  by  Qovernment,  and  Congress  will  have  to  increase 
the  Tolome  of  national  bank  currency  to  take  the  place  gradually  of  the  withdrawal 
of  State  and  national  currency.  In  doing  so,  they  can  fix  the  limit  proposed  for  the  issue 
of  paper  currency  in  connection  with  the  present  Government  currency,  on  the  basis 
propped ;  and  if  Congress  should  hereafter  provide  for  the  gradual  funding  of  the  Gov- 
omment  issues,  the  same  law  provides  for  the  increase  of  the  national  bank  currency 
ip  to  the  limit  fixed.  When  the  period  for  resumption  arrives,  and  all  the  channels  are 
padually  filled  up  with  coin  below  one  dollar,  which  would  give  an  addition  of  coin  of 
ihoat  $30,000,000 ;  and  eventually  below  $5,  which  would  give  coin  to  the  amount  of 
iboat  $120,000,000,  the  issue  of  national  bank  currency  could  be  suspended  during 
due  process,  except  so  far  as  to  equalize  the  amount  due  to  each  State,  until  the  vacuum 
Btnsed  by  the  withdrawal  of  fractional  currency  and  the  issue  below  $5  is  filled  up. 

"High  prices,  of  course,  require  a  larger  volume  of  currency  to  transact  the  same 
HDOunt  of  business  than  if  prices  were  low.  But  lower  prices  would  not  affect  the  pros- 
perity of  the  country,  but  rather  increase  it,  by  the  stimulus  given  to  industry  in  the 
iaoreased  consumption  of  the  country ;  and,  notwithstanding  the  clamor  of  speculators, 
producers,  money-changers,  and  shavers  in  favor  of  an  inflated  currency,  the  great 
of  the  producers  and  consumers  will  demand  a  gradual  reduction  to  a  specie  basis 
b  our  currency  as  rapidly  as  prudence  will  permit  without  deranging  values  to  too 
peat  an  extent;  and  this  can  be  accomplished  better  now,  with  small  stocks  on  hand, 
than  at  any  other  period.  The  recent  remarks  of  the  Secretary  of  the  Treasury  on  this 
nljeet  meet  the  approbation  of  the  business  community  and  the  public  generally. 

"Currency  questions  are  generally  intricate,  confound  the  minds  of  iJiose  who  have 
loi  given  much  thought  to  the  subject,  and  are  difficult  to  understand;  but  this  plan, 
vhieh  covers  the  whole  ground  and  controls  the  whole  question,  is  so  simple  that  any 
b|pslator,  of  even  ordinary  abilities,  can  easily  comprehend  it. 

"BENJAMIN  BANNAN. 

"PomriLU,  NoTember  10, 1805/' 

VOfBd— Since  tho  promulgation  of  the  Report  of  the  Hon.  Freeman  Clarko,  Comptroller  of  the  Currency  Depart- 
Mat,  It  appears  that  the  achuil  paper  circulation  of  the  countrj  wob,  on  the  Ist  of  October  la«t,  only  $160,844,229. 
*ffolnblj  an  Issue  of  |1  in  currency  to  the  value  of  $40  of  the  assessed  value  of  the  real  and  personal  property  of 
h»  ooantry  would  give  a  suflicicnt  volume  of  cnrroncy  for  all  tho  wants  of  the  country.  It  is  only  tho  limit 
and  on  the  value  of  property  that  wo  contend  fur,  whether  that  Issue  be  proportioned  to  $1  in  currency  to  $30, 
36i,$40,  or  $45  in  property.  It  iei^ab8<)lutoly  noceMiary  to  fix  a  limit  to  inspire  confiilonce,  and  we  know  of  no 
0wr  mode  of  limiting  it  su  as  to  provide  for  the  future  wants  of  the  country  without  constant  legislation  on  this 
■blect. 
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CHAPTER    XXIX. 

THE   ELABORATION  OF  IRON   AND  STEEL. 

"Nothing  U  New'*-— The  Iron  A  Re— Early  Mannfacturen— Avcivnt  Iron-Martcr— The  CataUn  fbrfe  laprowd 
BlooDicry — Water-Blast— Pati'nt  Forges— The  Bladt-Farnaco— Smelting  OTierati«>nBi — The  Economj  of  Smelting- 
The  Hearth— Action  in  the  Blawt-Kumiice — Improvompnt*  in  Hot-Blast  Ovens — ^Tlie  Puddling  Ptoccm— PoddHni 
by  Machinery— TliA  Boiling  PrrtceKs— Nasmyth's  Invention — The  Sile«ian  Gas  Fnmaet*— The  MaBofcctaiv  of 
Steel— Conver»iou  of  Bar  Iron  to  Steel- Steel  oi  Cementation— Heath's  Invention — Blister  8teel— ^b«ar  SImI— 
Cut  Steel — C(-mentiog  Furnace — Tliu  Pueuniatic  Procest* — Bets(»emer  vs.  Kelly — ^The  Beaumer  Proccaa,  u  Bsv 
practised  in  England — Machinery  employed — Converters — Impruvenientt. 

Solomon  Raid,  " Nothing  is  new/'  and  philosophy  teaches  us  the  same;  bat  websTt 
heard  the  eaying  of  the  wise  man  tortured  into  a  different  meaning, — ^that  nothiig 
now  exists  which  did  not  formerly  have  the  parae  shape  and  character.  In  a  word,  that 
steamships  ploughed  the  ancient  waters  before  the  days  of  Noah,  and  that  the  nreta 
of  the  locomotive  woke  the  echoes  of  the  antediluvian  world! 

The  "  Patent  Office  Reports"  of  the  days  of  Methuselah  would  be  very  ioterestiDg  if 
they  existed;  but,  though  Tubal-cain  was  an  "instructor  of  every  artificer  in  bran  mi 
iron,"  it  is  not  very  likely  that  his  descendants  ever  attained  to  the  perfection  of  raodot 
iron-masters.  If  they  did,  the  more  favored  posterity  of  Methuselah  and  Noah  did  Mt 
preserve  the  arts  and  sciences  beyond  the  building  of  the  Ark. 

The  antediluvians  could  not  have  been  adepts  in  the  manufacture  of  iron;  lor  thit 
metal  is  a  civiliser,  and  we  are  told  that  the  **  earth  was  filled  with  violence,"  and  tkk 
the  "imaginations"  of  men  were  "evil  continually."  Had  they  been  indnstrioti 
manufacturers,  this  would  not  have  happened :  they  would  have  been  too  bu^  ti 
brood  mischief. 

"Bronze  or  brass  formed  the  principal  tools,  weapons,  and  metallic  manufiKtares of 
the  early  ages  and  the  half-civilized  nations  of  modern  times.  Whatever  may  hiw 
been  the  original  significance  of  the  ancient  poetic  idea  of  a  succession  of  the  ages  of 
gold,  silver,  brass,  and  iron,  it  appears  to  have  had  a  real  as  well  as  an  allegorieil 
foundation  in  the  world's  history.  We  appear,  in  the  literal  sense  at  leasts  to  hiw 
fallen  emphatically  upon  the  iron  timcs,whcn  the  arts  of  life  have  rendered  that  metil 
more  valuable  even  than  gold,  and  susceptible  of  becoming,  in  the  hands  of  the  artificer, 
many  hundredft)ld  more  precious,  weight  for  weight,  than  the  finest  gold. 

"At  the  time  of  the  discovery  and  first  settlement  of  America,  the  natives  had  iot 
very  few  instances  advanced  beyond  that  primitive  stage  of  civilization  in  which  tke 
use  of  metals  was  confined  to  trinkets  of  gold,  silver,  and  copper,  worn  upon  the  penot 
of  the  savage.  Their  most  effective  tools  and  weapons  were  sharpened  flint-stones  and 
shells,  and  they  possessed  no  other  mode  of  felling  a  tree,  or  scooping  a  canoe  from  it* 
trunk,  than  by  the  application  of  fire.  Some  tribes,  more  advanced,  pa«se8sed,  in  addi- 
tion to  these  rude  ornaments  and  implements,  the  art  of  casting  images  and  other  figtirti 
in  gold  and  silver,  many  of  which  are  still  found  in  the  huacas  or  graves  of  the  rs«* 
Chisels,  hatchots,  and  a  few  other  tools  and  weapons  of  copper,  alloyed  with  tin.  soai 
to  cut  wood  with  facility,  were  also  made  by  the  Peruvians  and  Moxi«*nTis,  who  tlisi 
appear  to  have  reached  the  brazen  era  of  civilization.  Although  the  working  of  otbtf 
metals  thus  everywhere  preceded  that  of  iron  and  steel,  the  use  of  these  in  the  arts  «• 
early  known. 


THE  ICAHUFACnTBE  OP  TBOm.  611 

"trnploBiMite  not  only  of  dbpper,  so  tempered — hj  a  pioeeM  no  longer  known — aa  to 
W  dMtio  and  cat  granite  with  ease,  bat  olso  iron,  haye  oome  down  to  ns  from  the 
l|]rptian8.  Of  the  different  nations  of  antiquity,  including  the  Greeks  and  l^^mMia^ 
vhs  possessed  in  considerable  perfection  the  art  of  working  iron  and  steel,  the  people 
tf  Chalybia,  between  India  and  the  southern  shores  of  the  Black  Sea,  were  the  most 
oMntited,  and  especially  excelled  in  the  manufacture  of  steel.  The  Greeks  appro- 
|riated  the  name  of  that  country  to  designate  steel  of  the  best  quality ;  and  our  own 
foeabalaries  still  retain  a  synonym  derived  from  that  source.  The  'northern  iron' 
MBtioned  by  Jeremiah,  and  the  'bright  iron'  of  Ezekiol,  in  which  the  Tyrians  traded, 
iws  probably  the  products  of  that  country, — '  the  mother  of  iron,'  as  Scythia  was 

£.  oDad  by  a  Greek  poet 

F  *     **Tho  oarly  Britons  aro  supposed  to  have  been  first  supplied  with  iron  from  the  same 

tmrco,  and  wore  probably  also  taught  the  art  of  smelting  it  by  the  Phoenicians,  who 
p.  tfi  early  traded  in  this  Puntic  iron,  which  they  bartered  for  the  tin  of  Britain. 
r  ''If  chariots  armed  with  scythes  and  spears,  broadswords,  iron  rings,  and  iron  money, 
indicate  a  knowledge  of  the  art  before  the  Roman  conquest,  an  improvement  in  the 
Mthod  of  smelting  and  working  the  metal  was  certainly  communicated  by  the  inyadera. 
^AJttbriea^  or  great  military  forge,  was  erected  at  Bath,  near  the  well-wooded  hills  of 
Monmoathshire  and  Gloucestershire,  a.d.  120;  and  the  bed  of  iron  cinders  in  the  forest 
.  ef  Dean,  in  the  vicinity  of  Sheffield,  and  other  parts  of  the  island  in  which  Roman 
aoins  were  imbedded,  gave  evidence  of  their  early  activity  in  the  iron  manufacture. 
"The  earliest  of  these  masses  of  scoriod  were  found  on  the  hill-tops,  where  the  earliest 
were  erected,  to  obtain  stronger  currents  of  air,  which  were  admitted  throaf^ 
on  all  sides.  The  rudeness  of  these  wind-furnaces  was  indicated  by  the  half- 
oAansied  state  of  the  slag. 
"Alter  the  invention  of  the  bellows,  at  first  operated  by  the  hand  or  foot,  and  in  pro- 
n  of  time  by  water-power,  the  furnaces  were  built  in  the  valleys ;  and  the  slag  of  the 
bloomeries  long  furnished  a  supply  of  material  for  the  best  iron."* 
are  notices  in  Homer  and  Hesiod  of  the  art  of  reducing  wo^frnfoirocf  or  malleabla 
■fcom  ftom  the  ores  in  the  furnace ;  but  it  is  probable  that  the  Greeks  obtained  most  of 
iron  through  the  Phoenicians  from  the  Black  Sea  and  Laoonia.  It  has  been  foand 
&%.  Ib  the  pyramids  or  tombs  of  Egypt,  and  obtained  by  Mr.  Layard  from  the  ruins  of 
^  Hineveh.  Indeed,  the  Assyrians  seem  to  have  been  well  acquainted  with  the  mann- 
and  use  of  iron,  since  picks,  hammers,  knives,  swords,  and  saws  were  found 
the  fallen  palaces  of  Nimroud. 
The  ibmaoes  used  at  this  early  day  were  undoubtedly  much  the  same  in  form  as  thai 
Mpreaented  in  figure  176;  but  the  blast  was  probably  natural,  since  the  bellows  do  not 
fl|ipear  to  have  been  used,  judging  from  the  imperfectly-fused  scoriae  found  in  the  waste* 
banps  of  the  ancient  furnaces.  The  Romans  used  those  wind-furnaces  or  bloomeries 
in  Sngland  as  late  as  120  a.d.;  and  Mungo  Park  saw  one  of  those  rude  furnaces  in 
Waai  during  his  travels  in  Africa. 

Vrom  these  resulted  the  blast-bloomery  or  oven  of  India,  and  the  more  recent  Catalan 
isrga  still  in  use. 

The  early  modes  of  manufacturing  iron  are  still  preserved  in  barbarous  or  half- 
ci^iaed  countries;  and,  in  fact,  some  of  them  are  practised  even  among  ourselves  to-day* 
Thb  Catalan  forge  or  bloomery,  as  often  used  in  the  mountains  of  the  South,  is  as 
yrimittre  in  style  now  as  it  was  one  thousand  years  ago ;  and  the  clay  ovens  of  the 
manufiicturers  of  India,  built  by  the  natives  at  the  present  day,  is  probably  the 
•ame  in  style  as  those  which  were  used  by  them  at  the  time  of  the  invasion  of 
Alexander;  while  it  is  a  uniform  process  from  the  Himalaya  Mountains  to  Cape  Comorin. 

_  __. a. 

*  Biahop*!  EiBtoTj  of  American  Wukvtietstm,  f  M oeb^wrpa^t 
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**Th«  furnace  or  bI<K)mcrj  in  which  the  wootz  ores  are  smelted  is  from  four  io fire 
f(*ot  hi^h;  it  in  Bomowhat  poar-Hhaped«  being  about  two  feet  wide  at  the  bottom  ind  ooe 
fiHit  at  tho  top;  it  is  built  entirely  of  clay,  bo  that  a  couple  of  men  can  finish  its  ercetioQ 
iu  a  fow  hour^  and  have  it  ready  for  U8C  the  next  day.    There  is  an  opening  in  front 
about  u  fiH)t  in  height,  which  is  built  up  with  clay  at  the  cummencement  and  broken 
di>wn  at  tho  tMid  of  each  operation.     The  bellows  are  usually  made  of  goat's  skin,  vhicli 
hai«  boon  t(trip|uHl  from  the  animal  without  ripping  open  the  part  covering  the  belly. 
Tho  aporturo.s  at  tho  logH  are  tied  up,  and  a  nozzle  of  bamboo  is  fastened  in  the  opening 
fonnod  l«y  tlio  nook.     The  orifice  of  tho  tail  is  enlarged  and  distended  by  two  slips  of 
banib  Ht.     Thoso  uro  graspeil  in  the  hand,  and  kept  close  together  in  making  the  stroke 
for  iho  Ma>t ;  iu  tho  roturning  stroke  they  are  opened  to  admit  the  air.     By  working  t 
Wllows  v>f  thisi  kind  with  oaoh  hand,  making  alternate  strokes,  a  pretty  uniform  bk?t 
i-i  prxnluood,     Tlio  nozilotit  of  the  bellows  are  innerted  in  tubes  of  clay,  which  pass  into 
tho  Uuix»m-ooruor?»  of  tho  tomiH)rary  wall  in  front.     The  furnace  is  filled  with  charecfld, 
and  A  li^htod  cv'ul  Wing  iutrvHluoed  before  tho  nozzles,  the  mass  in  the  interior  is  swm 

"  A'*  v\'«  a*  thi*  i*  aocomplished,  a  small  portion  of  the  ore,  preyionsly  moistened 
\*uh  \N,i-.or.  u»  pro\out  it  from  running  through  the  charcoal,  but  without  any  flu 
^h:«'.x'\v  r.  u  ta'd  ou  the  top  of  tho  coal,  and  covered  witli  charcoal  to  fill  up  the  furnace, 
tti  iN  X  itiaMitor  ore  and  fuel  is  supplied,  and  the  bellows  are  urged  for  three  or  four 
ti.'i"  (.  \%hca  \.\w  prvK'oss  is  stopped:  the  temporary  wall  in  front  being  broken  down, 
shs>  t«:  ^>ltl  1.1  tviuovod  by  a  pair  of  tongs  from  the  bottom  of  tho  furnace.  It  is  then 
U«««K-ii  \%.\h  u  ^\KHlen  mallet,  to  separate  as  much  of  the  scoriae  as  possible  from  it^  and. 
vkh  :v«  >«ill  i>si-hot,  it  is  cut  through  the  middle,  but  not  separated,  in  order  merely  to 
xU,>\\  lao  viuulitv  of  the  interior  of  the  mass.  In  this  state  it  is  sold  to  the  blacksmiths, 
\wS  >  iii.ilio  it  into  bar  iron.     The  proportion  of  such  iron  made  from  100  parts  of  ore  is 

b'lviii  ihi.i  in>u  tho  celebrated  wootz  steel  is  made  by  the  natives  of  India  in  a  maimer 
o^|u;ill\  rude  and  ])rimitive.  But  their  production  has  no  superior,  if  it  is  equalled,  and 
lor  iho  purpose  of  fine  cutlery  it  is  infinitely  superior  to  the  best  English  cast  steeL 

'tlio  l>iuiuisc'us  blades,  so  renowned  oven  in  the  Middle  Ages,  and  still  so  much  soofrbi 
f(n'  by  militiiry  men,  are  produced  from  ingots,  like  those  of  wootz,  which  come  from 
tiolconda.     They  uro  small  and  oblong,  and  when  cut  in  two  form  two  swords. 

Tho  bhist-furnaco  for  the  production  of  pig  iron  does  not  seem  to  be  of  ancient  inven- 
tiuu.  Tliougli  tho  air  or  wind  furnaces  of  tho  early  Britons  produced  cinder  in  abun- 
dauoo,  and  perhaps  as  full  of  iron  as  tho  scoriio  of  wootz,  the  iron  obtained  from  both 
was  uuillealilo.  It  does  not  appear  whore  or  when  the  blaFt-furnaco  was  first  made  u«e 
of;  but  tho  frorjuent  irregularity  of  the  ancient  forges  or  the  present  bloom ery  would 
naturally  sugi^est  the  use  of  oast  iron  for  many  uses,  since  it  often  happens  that  tbute 
forges  booome  deranged  through  the  change  of  workmen,  ores,  or  some  other  cause,  and 
"pot-metal''  is  produced,  which,  of  course,  may  be  cast  in  almost  any  form  by  remeltiDg. 
and  can  only  bo  reduced  to  wrought  iron  by  reheating,  and  the  process  used  in 
bb>oin('rics  to  reduce  pig  iron  to  bar.  This,  however,  is  not  the  invariable  result  of 
*•  green  hands"  or  derangement.  Sometimes  nothing  but  a  mass  of  cinder  or  "  banied 
iron"  Ih  produced,  of  no  value. 

Whatever  might  have  been  the  ancient  mode  of  producing  iron, — by  the  wootz  oven, 
iho  wind-furnace,  tho  Corsioan  hearth,  or  the  Catalonian  forge,  UtiQ  forges  alleinanda  d 
tint  I'ViMicli,  or  the  Sittck-ofen  of  the  Germans, — the  mode  most  general  in  use  darinc 
th«i  niotlern  ages  and  up  to  the  present  time,  for  tho  production  of  wrought  iron  direct 
iihw  flm  ore,  is  that  of  the  Catalan  forge,  and  improvements  on  the  same. 


1 


•  Dr.  Ure*B  DictioDury  of  Arts,  Manuiactarea,  mnd  Miaet. 
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All  Other  uci«nt  methods  of  which  wo  have  anj  dofinito  knowlodgo  prodnca  leu 
iiOQ  from  the  same  qunntitj  of  ores,  and  at  a  greater  expenae  of  labor. 

The  CoTBiean  hearth  producee  a  very  aoft,  malleable  iron,  bat  a  little  steely.  Fonr 
workmen  are  required  at  one  forge.  The  product  of  their  labor  ia  onlj  four  hundred- 
weigbt  of  iron  ttoai  tea  hundredweight  of  ore,  and  twenty  hundredweight  of  charcoal 

Fia.  1T6. 


mingled  with  wood  of  beech  and  chestnat,  or  about  40  per  cent  from  rich  orei  oon- 
tsining  60  to  TO  per  cent,  metallic  iron. 

The  yield  of  the  Catalan  furge  is  mnch  greater  from  the  sume  amount  and  character 
of  orea,  with  less  laljor  and  fuel.  Two  men  attend  each  forge,  and  produce  four  to  (Ito 
hnndred  pounds  per  day,  with  an  equal  amount  of  charcoal,  and  double  the  amount — 
or  eight  to  ten  hundred  weight — of  rich  magnetic  oreii. 

With  good  hematite  ore,  of  about  50  per  cent,  average  yield,  a  good  blast  and  fair 
eharcoal,  two  good  workmen  will  produce  four  hundred  pounds  of  iron  per  day;  but 
their  arerai^e  production  will  be  about  300  pounds. 

The  common  Catalan  forge,  or  bloomery  in  general  use,  is  usually  a  rude  Btructuro  of 
eoarae  masonry,  built  without  any  regard  to  the  economy  of  fuel,  ore,  or  labor.  If 
properly  built,  and  operated  by  careful  workmen,  double  the  usual  rcsulta  might  be 
produced. 

Am  before  etnted,  the  cioct  dato  of  the  discOTery  of  the  nee  of  cast  iron  cannot  be 
definitely  fixed.  According  to  Dr.  Percy,  the  first  cannons  of  cast  iron  were  manU' 
factured  in  Sussei,  in  England,  by  Ralph  Iloggo,  in  1543.  But  Ilogge  wan  ai>siatcd  by 
a  Frenchman  named  Peter  Baude,  who,  it  appears,  bad  learned  the  art  of  producing 
cast  iron  in  France.  IIo;;go,  assisted  by  one  of  his  servants, — Johnson  by  name, — after- 
wards made  cannon  of  COOO  pounds  weight. 

Agricolo,  who  died  in  loSS,  wrote  that  "iron,  smelted  tram  iron-stone,  is  easily 
fnaible,  and  can  bo  tapped  off." 

The  elevation  of  the  bloomery  into  the  blostrfumace  appears  to  have  been  first  ao- 
oomplishcd  in  England.  It  was  probably  in  the  early  part  of  the  siiteenth  century. 
Hushet,  however,  con cludoa  that  the  old  blost-furnaccaof  the  forest  of  Dean  were  erected 
in  1S50. 

Up  to  IG21,  charcoal  was  used  exclusively  in  the  blast-furnace.  But  about  this  date 
Lord  Dudley  olitainoil  a  patent  for  smelting  iron  with  mineral  fuel.  It  was  not,  how- 
ever, much  used  until  tho  discovery  of  its  conversion  to  coke  in  1730-35,  wben  Abraham 
Darley,  of  Colebrook  Dole,  first  need  coke  with  success  in  the  blast-furnace.    But  in 
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1740  during  tbe  change  from  charuoai  to  soke,  the  prodactiaii  of  tb«  Ungl"!'  famw 
fell  frum  mU.OOO  tu  17,500  tous  per  aniiuui. 

The  beat  jrield  of  an  iuiprovod  and  nell-Luilt  blast-furnace,  uung  charcoal  viiblut- 
bldst,  is  oim  tun  of  pig  metal  tu  cvcrjr  tbiee  cords  of  woud  or  120  busbeU  of  ehimal. 
But  wu  iiave  Been  luany  iuitaiiciB)  wliero  ten  to  ihincen  cords  of  wood  were  used  toji»- 
duce  a  ton  of  iron  in  l!io  rude  Soutlicra  blast- I'uruace,  and  gnd  iustaiice  where  uiif^ 
coTits  vivTii  used ! 

1(1  tin' iirst  wise,  where  ISObiislioIs  cf  charcoal  arc  produced  fmm  threo  cords  of  wood, 
the  rli;irriiig  or  "coiilin)^'  is  douo  in  kilns,  aud  40  busbuls  of  ci.al  produced  from  one 
cord  ui'  wood  ;  but  in  ibu  socuud  the  (;ouliiig  is  duue  in  open  "  charcoal  pits,"  in  ithiii 
nn  uvi'ra^i'  ])roJuc;ti..n  of  33  bushels  per  cord  is  tonsidered  a  good  jield,  partiv'LJirlj 
wIh'ii  11  lliiiiti'il  nuiolpiT  of  "  pits"  I'an  be  coulej  on  the  same  "hcarlh," 

TliiH  (-x]n;iiililuri!  oC  fuel  is  Bini]ily  m  the  pniduotion  of  pig  melul :  to  reduce  il  to 
bur  iron  nearly  u  third  mure  coal  iseon-^iiiued  than  in  theelaboinliun  of  Ibc  p'ig.  Vat 
is,  if  I'JD  bu!<liids  ]>r»i)uce  one  ton  uf  eii.')  uictut,  it  will  require  It'O  bushels  tu  cuDtett 
till'  iiK'tal  111  nialleuble  iron  under  the  ^uuie  degree  of  improvement.  Bui  if  it  t<^wm 
S!ii  bu^lu'ls  of  cbiireoa!  to  produce  a  ton  of  metal  in  the  rude  mounlain-fumoi-es,  ii 
geiierull^T  rii]uirc8  ^iW  buiihoU  to  elaborate  the  metal  into  bars  under  the  &iime  nii 
Hlyloof'muuunu-turc. 

I'ndiT  ibi'M)  circumtilanccB.  tbo  iniprored  Catalan  Cbrge  is  eqnal  to  the  blaet-funua. 
But  nx  impn>VFnit'iiti>  in  the  hlast-furiini'c  are  nuw  fiir  in  advance  of  the  aacieutfi^ 
and  likely  t«  reniiiiu  so,  any  comparisou  muat  bo  unfavorable  to  the  latter,  eiceft  i> 
pLVuliur  lui;uli 
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THE  CATALAN  FORGE. 

The  production  of  iron  involves  scientific  questions  of  great  and  absorbing  import^ 
anee ;  but  it  is  scarcely  possible  for  a  pure  philosopher,  inexperienced  in  the  art  of 
elaborating  the  metals,  to  render  much  assistance  to  the  improTcmcnt  of  their  manu- 
facture. Nor  is  it  likely  that  the  merely  practical  can  add  to  our  knowledge  in  this  art, 
except  by  accident.  Intelligence  and  experience  are  both  required  in  this  most  im- 
portant branch  of  industrial  skill,  not  for  the  purposes  of  invention  and  improvement 
only,  but  to  conduct  successfully  the  elaboration  of  the  metal  from  the  ore.  Experi- 
ments in  the  manufacture  of  iron  are  costly,  and  ruinous  in  the  event  of  failure.  Even 
the  most  practical  and  intelligent  hesitate  to  adopt  theories,  though  ever  so  plausible 
ftnd  promising,  because  the  risk  is  groat  and  the  danger  of  failure  imminent,  though  the 
principle  involved  may  be  correct. 

For  instance :  the  pT«£^umatic  mode  of  decarbonizing  pig  metal,  or  the  conversion  of 
east  iron  into  steel,  was  at  first  considered  a  failure ;  and  in  this  country,  where  the 
invention  appears  to  have  been  first  made,  there  was  neither  intelligence  nor  confi- 
dence enough  to  appreciate  its  merits.  It  is  now,  however,  an  established  fact ;  and  the 
probability  is  that  the  success  of  the  invention  will  force  us  to  pay  tribute  to  the  intelli- 
g;ence  of  England,  as  we  have  done  in  the  past 

Yet  there  is  as  much  room  and  opportunity  for  improvement  in  the  production  of 
iron  direct  from  the  ore  as  in  the  elaboration  of  iron  and  steel  from  the  pig.  Tiie  pro- 
cess  in  common  use  has  been  but  little  improved  since  the  Middle  Ages.  The  moun- 
tain-forge of  to-day  is  much  the  same  as  it  was  five  hundred  years  ago  in  Catalonia.  We 
ean  see  the  opening  for  improvement, — the  principle  which  requires  development ;  but 
the  mechanical  difficulties  have  not  yet  been  overcome. 

The  treatment  of  the  ores  in  the  Catalan  iorge  involves — first,  their  deoxidization,  and 
second,  their  reduction,  or  conversion  to  iron. 

The  ore  is  first  selected  in  the  mine  or  quarry.  All  silicious  and  earthy  portions  are 
rejected ;  and  it  often  happens  that  there  is  more  rejected  than  selected, — though  the 
refuse  may  bo  good  ordinary  ore  and  fit  for  use  in  the  blast-furnace.  Tho  picked  ore 
is  then  laid  in  kilns,  or  largo  j>yramidal  piles,  intermixed  with  brush,  logs,  or  charcoal 
brasque,  and  **  roasted''  for  several  days.  This  torrefaction  of  the  ores  expels  the  moist- 
ure, and,  to  some  extent,  whatever  sulphur  or  phosphorus  i^  may  contain,  and  reduces 
it  to  a  friable,  crumljling  mass,  which  is  readily  pulverized  by  hand  with  a  large,  flat 
hammer  or  by  machinery.  It  is  always  reduced  to  a  powder  before  admittance  to  tho 
hearth,  in  our  mountain-forges ;  but  in  some  parts  of  Europe  the  roasted  ore,  in  small 
particlcB,  is  laid  in  the  "  cruseV'  or  hearth,  opposite  the  tuyers,  and  on  the  bottom  of  the 
hearth.  We  have  never  seen  this  practised  hero.  Our  forge-hands  fill  the  hearth  with 
charcoal,  and  when  fully  ignited  the  coal  is  covered  with  pulverized  ore,  which  is  thrown 
on  with  a  peculiar  flirt,  so  as  to  scatter  it  evenly  over  the  glowing  fire.  Coal  and  ore  are 
constantly  added  for  about  two  hours,  or  until  a  loup  is  formed  in  the  hearth.  This  is 
then  manipulated  and  tried  by  the  tools  of  the  workman,  and  tho  cinder  let  off,  when 
above  its  face.  In  from  three  to  four  hours  t^e  loup  of  iron  and  Kcori;e  acquires  tho 
proper  size.  The  blast  is  then  shut  off,  and  tho  ball  drawn  out  of  the  hearth.  It  is 
generally  held  on  its  edge  and  pounded  with  a  wooden  maul,  to  partially  drain  off  tho 
cinder,  before  it  is  taken  to  the  trip-hammer.  Here  the  loup  is  dexterously  handled  by 
the  hammer-man  until  it  is  drawn  to  an  oblong  and  square- sided  "bloom"  of  about 
two  hundred  pounds  weight.  The  forge-man  is  generally  his  own  hammer-man,  and 
when  the  iron  is  sold  in  the  shape  of  blooms  this  part  of  tho  operation  occupies  but  a 
imall  part  of  his  time.  But  when  tho  bloom  is  drawn  into  horse-shoe  bars  the  work  is 
laborious,  though  tho  production  is  not  materially  altered  in  either  case,  since  the  ope« 
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ntioD  of  deoiidiiing  the  ore«  ia  progreuiDg  daring  the  hunmeriug  proeeii.  Whilehtp- 
iqg  the  forge-fire  io  full  blut  for  the  purpoae  of  reheating  the  bus  drnro  ftim  tm 
bloom,  pnlveriied  ore  ia  frc(|iientlj  sprinkled  over  the  mew  of  glowing  chucotL  'Dm 
anewere  a  double  purpoM:  first,  it  produces  a  protecting  ccAt  of  BiliciouBaadfludnt 
ter,  which  prevents  the  bar  from  burning,  and,  second,  the  ore  is  being  prepared tolin 
the  next  loup.  Therefore,  but  a  comparatively  small  amount  of  time  ia  loat  i 
leheatiog  and  hammeiing  process,  as  the  common  forges  are  operated. 


IMPROVED  FOBOE  AHD  BLOOMERY. 

The  forge  here  presented  is  rather  novel  in  oonstmction,  and  ia  a  combinatian  «f 
aeveral  well-known  processes.  The  chief  feature  of  the  Catalan  forge  is  presemd,— 
that  is,  the  hearth,  which  does  not  differ  mncb  from  the  hearth  of  the  blast-funiaN; 
bat  here  the  deoxldiiiog  is  performed  much  the  same  as  in  the  bla«t-famace,  bj  th* 
waste  beat  which  escapes  in  the  common  foi^. 

This  forge  is  double,  and  contains  not  only  two  hearths,  but  a  reheating  Bpartmenk 
•o  that  three  seta  of  men  can  operate  at  the  same  time.  The  escapc-hcat  from  th 
bloomcrj  also  passes  through  the  deosidiiers,  and  helps  to  sustain  the  heat  in  tk« 
hearths. 

The  ores  being  thoroughly  deoxidiied  descend  to  the  hearth  ready  for  fusion  bs£a« 
(ho  blast,  and  here  the  heat  is  very  greAt  and  the  reduction  rapid.  Cinder  is  allowel 
to  partially  cover  the  loup;  and  while  the  ore  is  constantly  added  to  the  glowing  mm 
alxivo,  the  iron  as  constantly  adds  to  the  loup  in  the  bottom  of  the  hearth. 

When  tho  loups  are  withdrawn,  they  are  turned  over  to  the  hammer-men  and  »■ 
hnatiir*,  who  convert  them  into  blooms,  and  reheat  and  draw  them  into  bars,  while  tbt 
forgit-roen  continue  the  production  of  loups.  By  this  process,  ten  loupe,  of  two  bw- 
lirwl  pounds  each,  can  be  prodnoed  by  each  hearth  in  ten  hoars,  or  &t>m  fbar  to  in 
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iinds  of  iron  can  be  produced  per  day  by  one  of  these  improyed  forges  and 
fith  ten  hands;  while  the  saving  in  fael  is  much  greater  in  proportion  than 
f  labor. 

union  Catalan  forge,  100  pounds  of  iron  from  50  bushels  of  charcoal  is  oon- 
)od  yield:  it  oflen  happens  that  double  this  amount  is  used  in  carelessly- 
forges.  In  the  improved  forge,  from  15  to  20  bushels  of  charcoal  will  pro- 
nnds  of  iron ;  while  from  three  to  five  cords  of  dry  wood,  according  to  the 
ireather  and  the  condition  of  the  furnace,  are  sufficient  for  reheating  purposes, 
oal  of  any  character,  provided  it  burns  well,  answers  the  purpose  of  wood 
g,  and  a  pure  coke  or  anthracite  coal  may  be  used  in  the  hearth;  but.char- 
rred  if  good  iron  is  required. 

ges  are  much  less  costly  than  blast-furnaces  and  rolling-mills  for  the  pro- 
»ar  iroif ;  but  they  can  be  recommended  only  in  localities  where  a  small 
ipital  only  can  be  profitably  expended,  and  where  rich  ores  may  be  obtained, 
er  kind  can  be  successfully  used.  Magnetic  oxides  and  pure  hematites,  or 
s,  are  generally  made  use  of.  Lean  or  silicious  ores,  unless  separated  from 
ties,  will  not  produce  good  iron  in  the  Catalan  forge. 


WATER-BLAST. 

ter  IB  abundant,  and  the  head  and  fall  are  of  proper  height,  this  is  an  effect- 
ap  mode  of  obtaining  a  small  blast;  but  it  is  necessarily  weak,  and  a  high 

FiQ.  170. 


Exit  of  the  water. 


WATER -BLAST. 

-^  water,  both  In  blast  or  air  box  and  in  the  flume  aboTe;  6,  air^hamber  OTer  the  water  to 
r  air-chest;  c,  blast-pipes  leading  to  the  forge;  d,  flume  leading  the  water  from  the  dam  to  the 
ickers,  fuur  in  number,  into  which  the  air  is  drawn,  as  indicated  by  the  arrows;  /,  air-  and  water- 
>m  the  hood  into  the  cataract  The  bottoms  of  the  suckers  are  secured  in  a  wide,  heary  plank  : 
Bed  by  the  lover  attached,  the  water  from  the  flume  rushes  into  the  pipe/;  but  when  it  is  lowered, 
nt  off.  Whore  the  pipe /communicates  with  the  cataract  y,  an  opening  of  about  two  inches  is 
also  carried  into  the  cataract  at  this  point,  and  down  into  the  air«hamber,  from  which  it  cannot 
>  the  force  or  weight  of  the  water,  which  falls  continually  into  the  chamber  and  eacapea  by  a  Tent 
lebox. 


-T-^ 
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pNMore  eannot  be  obtainod  with  economy.  For  ih»  rude  ^*T^in  fbfrgb,  wbcno^ft 
Jiffuted  blast  is  required,  and  where  the  expenditure  of  capital  ia  alao  limitiH!,  po^p 
this  mode  is  the  best  that  can  be  adopted,  since  its  construction  ia  "wipl^  mp4  aiaM| 
of  a  few  dollars  only,  and  it  is  not  liable  to  got  out  of  order.  But  when  vatcr  itacMi 
or  a  strong  blast  required,  the  power  can  be  economized  by  almost  «aj  atyle  of 
machinery. 

The  Catalan  forge  requires  a  blast  of  about  one  pound  to  the  aqoaxe  inch.  The  sa- 
tton  fan-blower  will  not  produce  this  force  of  air;  but  most  of  the  impTOTod  ones  «il 
^d,  for  the  purpose  of  producing  blast  for  such  small  operations  as  the  mountaiii-fapi 
^nerally  are,  no  expenditure  of  power  can  be  more  effeotiire.  For  the  impiOTed  fi^ 
this  mode  can  also  be  recommended,  since  the  air-pressure  required  is  not  greater  Hm 
.one  pound  to  the  square  inch. 

* 

PATENT  FORGES  AND  FURNACES. 

A  great  many  patents  have  been  granted  in  this  country  and  Enrope  for  the  prod» 
tion  of  wrought  or  bar  iron  direct  from  the  ore,  but  none  of  them  have  obtained 
larity.    The  principle  on  which  all  these  patent  modes  are  based  ia  the 
of  the  ores  by  the  waste  heat  from  the  hearth  whore  the  ores  are  reduced. 

The  Harvey  patent  in  this  country  is  as  near  perfection  as  any  other  with  whidi  «• 
are  familiar,  and  differs  from  the  improved  forge  and  bloomery,  illustrated  in  figure  171^ 
chiefly  in  having  a  puddling  hearth  in  place  of  a  Catalan  hearth,  in  which  to  cobthI 
the  ores  to  metal  by  the  puddling  process. 

Good  iron  can  be  produced  at  reasonable  expense  in  this  furnace,  hnt  rich  cms  w 
required,  and  the  quantity  of  fuel  and  labor  is  greater  in  proportion  to  the  iron  p*- 
duced  in  General  Harvey's  furnace  than  in  the  blast-furnace^  and  the  sabeequent  eUl» 
ration  of  the  pig  in  the  puddling  and  rolling  processes. 

If  the  fiamc  ores  are  used  in  the  blast-furnace,  of  courHO  the  yield  will  be  in  proptv* 
tion  to  the  richness.  The  only  real  advantage  we  can  discern  in  the  Harvey  patent  ii 
in  the  application  of  the  fuel.  Using  rich  ores,  good  iron  con  be  produced  widi  »^n»iid 
any  kind  of  fuel  capable  of  producing  a  strong  heat, — for  instance,  pine-knots,  charaal, 
coke,  bituminous  coal,  or  anthracite,  and  perhaps  hard,  dry  woods.  But  in  the  blail- 
furnac(*  superior  iron  can  be  produced  only  with  pure  fuel,  and  the  best  only  with  dM^ 
coal.  In  this  respect,  the  improved  forge  and  bloomery,  illustrated  in  figure  178,  haf 
perhaps  less  merits  than  the  Harvey  furnace;  but  tlie  rapidity  and  simplicity  of  tht 
operation  in  the  former  entitle  it  to  equal  consideration.  In  regard  to  economy,  hov- 
ever,  neither  can  compete  with  the  modes  now  generally  in  use ;  that  is,  by  means  of 
the  blast-furnace  and  subsequent  puddling  process,  with  rolling-mills  for  the  elaboratios 
of  the  bar  from  the  pig. 

As  before  observed,  these  furnaces  can  only  be  used  economically  under  pecoliir 
circumstances  for  the  production  of  superior  iron  when  charcoal  cannot  be  obtained  ftr 
the  purpose.  Yet  i^e  think  it  possible  that  the  principle  involved  is  susceptible  of  greal 
improvement,  and  that  a  more  economical  mode  may  be  developed  by  mechanical 
ingenuity,  and  the  wonderful  effects  of  the  application  of  fuel  by  the  Siemen's  procen 
— a  comparatively  recent  invention — seem  to  point  out  the  means;  but,  as  neither 
space  nor  inclination  will  permit  us  to  indulge  in  theories,  we  must  leave  this  matter 
to  the  development  of  time. 
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THE  BLAST-FURNACE. 

In  our  improved  charcoal  hot-blast  furnocei)  three  cords  of  drj  oak  or  pitch-pino  wood 
will  produce  a  ton  of  pig  matul ;  but  in  the  culd-blast  furnace,  tritb  the  Httme  degree  of 
perfection  in  meclianical  coDstructlon,  and  the  siLine  skill  in  conducting  the  openttioiui, 
Gto  cords  of  wood  are  requiroJ  tii  produce  the  ton  of  iron. 

In  France,  irlicre  great  ecunomy  ia  practised  in  the  use  of  fuel,  one  ton  of  charcoal 
produces  a  ton  of  pig  iron;  nliilu  two  tuns,  or  double  tho  amount,  of  chansoal  are  re- 
quired to  elaborate  the  pig  metal  into  bar  iron, — requiring,  tliua,  three  tons  of  charcoal 
to  each  toQ  of  merchant  bar. 

The  proportion  is  rather  less  when  mineral  coals  arc  used.    Two  tons  of  coal — inostlj 
bituminous — or  coke  are  used  to  tho  tun  of  pigs  produced ;  while  only  three  ti 
third  more,  aro  used  to  elaborate  tlic  pig  metal  into  bar 
the  merchant  bar  from  the  ore. 

But  in  the  ordinary  charcoal  blast-fumncc»i,  taking  the  i 
States,  for  inKtance,  the  iirwiuctiou  of  iron  is  much 
kaa  to  the  amount  of  fuel  uscii,  Tho  Lett  jicid  we 
know  of  in  Virginia  and  Alabama  is  about  one  ton 
of  pig  iron  to  live  cords  of  woiai;  but,  sinco  the 
oburing  is  done  there  in  open  pits,  nut  moro  than 
thirtjr-thrce  bushels  of  oharciHit  U  obtained  from  a 
cord,  or  105  bushels  from  tho  five  cords  of  wood 
used.  This,  however,  is  the  most  favorable  result: 
we  have  seen  thirty  cords  of  wood  used  to  produce  a 
ton  of  pig  metal  in  Alabama;  hut  from  eight  to  ten 
oords  to  tho  ton  of  iron  produced  is  about  tho  average. 
To  reduce  the  pig  metal  to  bar,  not  less  than  ten  ad- 
ditional cords  arc  usc<l.  Therefore,  to  produce  bar 
iron  from  the  ore,  by  the  process  of  blaat-fumnce 
And  bloiimcry.  nob  lees  than  an  average  of  eighteen 
to  twenty  cords  of  wood,  or  about  six  hundred 
bnibcls  of  cbnrcoul,  per  ton  of  bar  iron  produced,  is 
required;  which  is  double  tlie  quantity  used  in  our 
improved  furnai'S',  or  in  the  furnaces  of  France,  and 
oonsidorablc  more  than  is  uspd  in  the  improved 
forges  for  producing  iron  dlroi^t  from  the  ore. 
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Figure  180  represciiL^  the  interior  of  tho  blasts  JUanamox^-a  !•  I 
faCDoce.  The  form  is  thut  wliith  is  general  where  *""i  t,'.  tup  f  t 
anthracite  co:.l  is  used  a*  a  fuel.  The  height  and  nu'™rlniu"t.'Ll;ll^ih. 
diameter  of  these  anthracite  furnoees  vary  con- 

■iderably.  The  most  available  dimeusiona  are  twenty  feci  diameter  above  tho  "boshes," 
by  fifty  to  sisty  feet  in  hei(;ht.  The  dimensions  and  form  of  the  hearth  are  matters  on 
vhich  but  few  "founders"  agree.  There  can  lie  no  doubt,  however,  in  regani  to  the  two 
moat  important  considerations;  first,  tho  hearth  should  never  bo  (oo  wide  to  admit  the 
passage  of  the  blast  to  its  centre;  and  Kcconil,  it  shouhi  always  be  deep  enou;;h  to  prc- 
Tent  the  expoiura  of  Ilie  (luiil  metal  to  the  action  of  the  blast.  In  a  furnace  of  twenty 
feet  boah,  the  hearth  should  not  be  less  than  five  nor  moro  thou  seven  feet  deep. 
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The  form  or  the  hearth  we  think  of  more  importance  than  is  generdlj  McndihdtD 
thw  item  in  the  construction  of  fumacos. 

Flgnre  ISl  repreaenta  the  general  form  1/ 

^'°-  '^^'  hearth,  which  answers  the  bert  pnrpoM  inpno- 

tical  operation.    It  is  not  important,  howerer.tU 

it  shunld  be  precisely  like  the  diagram,  nimit 

may   be   parallel,  elliptic,  or  oblone,  wift  tbi 

9  rounded  in  all  caees.    In  a  fsniua  of 

twcDtj  feet  bonh,  this  hearth  should  be  fnmStt 

"""'"■         •  21  feet  wide,  and  from  10  to  12  feet  long.  Tbt 

BinA»inos.-«.  cinder  mn:  t.  toBip,  or      bottom  of  the  boshes  should  Conform,  of  eoOM, 

to  the  general  form  of  the  hearth. 

Tho  advontages  of  thin  stylo  of  hnarth  are  eeveral;  the  blast  penetrates  beyond  Ibt 

centro.  and  ma;  be  made  to  reach  nearly  to  the  opposite  side ;  the  tuyers  enter  fin 

opposite  sides  the  entire  length  of  the  hearth,  and  the  blast  is  evenly  distributed;  thai 

is  less  danger  from  "  ^ca&blding,"  and  the  burden  comes  down  more  regolarly. 

The  height  of  the  boshes  will  depend  on  their  slope.  An  inclination  or  angle  of  Ti^ 
to  80°  may  be  uped  in  anthracite  furnaces ;  but  in  coke,  bituminous  eoal,  or  (dunHl 
famaces,  tho  angle  ranges  from  45°  to  75'.  The  walls  or  body  of  the  furnace  reach  fiia 
the  top  of  the  boshes  to  the  bottom  of  the  Sues.  The  height  of  this  portion  dependioi 
thedcpthofthehearth,  the  slope  of  the  boshes,  and  the  position  of  the  flues.  InfiuDiHi 
of  this  site,  about  20  feet  is  the  common  eleTation  of  the  body  from  the  boshes  to  tti 
flues,  or  from  one~third  to  one-half  the  height  of  anthracite  stacks  generally.  In  ill 
old  furnaces  the  walla  inclined  from  the  boshes  to  the  throat,  or  the  body  had  thefiv 
of  a  battle,  the  neck  answering  to  the  form  of  the  throat,  with  a  gradual  deeretM  'n 
diameter  from  about  the  middle  to  the  top.  But  in  all  well-built  and  sncceesfal  aatln- 
cite,  and  perhaps  we  might  include  all  kinds  of  furnaces,  the  body  is  of  nearly  <^ 
diameter  from  the  boshes  to  the  flues,  or  with  but  a  slight  decrease  towards  the  to^ 

The  flues  are  distributed  around  the  top  of  tho  furnace,  between  the  body  and  tti 
mouth.  The  whole  space  may  be  denominated  the  "throat,"  though  that  term  isgM» 
rally  applied  to  tho  mouth  or  head.  The  beight  of  this  portion  is  from  8  to  10  feet;  la' 
in  this  distance  the  diameter  decreases  from  18  or  19  feet  to  6  feet.  This  partof  motel 
ftamaces  has  an  important  part  to  perform  in  the  operations  of  smelting.  The  ineiMt 
in  diameter  from  the  throat  or  head  to  tho  flues  admits  of  the  expansion  of  the  materiill 
or  charges,  which  are  thrown  in  cold,  and  their  enlargement  between  these  pontaii 
eonsidcrable;  while  the  decrease  in  diameter  from  the  body  to  the  throat  acta  as  adit^ 
to  the  ascending  gases,  and  diverts  tbem  through  the  flues  to  the  steam-boilers  and  ho^ 
air  ohamber,— aided,  however,  by  the  draft  through  the  hot-blast  chimney. 

The  principal  gas  which  escapes  from  blast-fumoccs  is  carbonic  oxide,  which  if  «» 
posed  of  one  equivalent  of  carbon  and  one  of  oxygon.  This  gas,  when  combined  irA 
a  certain  amount  of  air,  burns  with  great  heat,  and  furnishes  a  sufficiency  of  calotiett 
generate  steam  for  the  operation  of  the  blowing-machinery,  and  to  heat  the  air  throws 
into  tho  furnace  from  600°  to  1500°  of  temperature,  according  to  the  mechanical  arrangl- 
mcnt  of  tho  hut-blast  oveD, 

The  blost-fumace  on  a  grand  scale  ts  worthy  of  admiration,  and  is  ono  of  the  nott 
magnificent  spectacles  offered  by  our  industry;  and,  while  simple  in  sppearanoe,  iti 
successful  and  economical  operation  demands,  perhaps,  more  experience  and  inlelligsM* 
than  any  other  pursuit  of  man,  if  we  consider  the  progressive  development  of  tbt 
principles  involved  and  the  improTemonls  desirable  and  perhaps  attAinable. 
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SMELTING  OPERATIONS. 

The  proper  mixture  of  the  ores,  coal,  and  flux,  depends  on  the  quality  of  the  materials 
BMd.  If  the  ore  is  rich  and  pure,  and  the  coal  free  from  slate,  bone,  and  sulphur,  only 
i  comparatively  small  amount  of  flux  is  required.  But  if  the  ores  are  refractory  and 
lilioious  and  the  coal  indifferent,  a  larger  amount  of  both  coal  and  flux  is  necessary. 

With  a  burden  of  magnetic  and  hematitic  ores,  yielding  an  average  of  fifty  per  cent. 
f  metallic  iron,  two  tons  of  ordinary  anthracite  and  one  and  a  half  of  flux  or  lime- 
tone  are  required  in  the  generality  of  our  anthracite  furnaces.  In  a  few  instances  from 
wo  tons  and  a  quarter  to  two  tons  and  a  half  of  ooal  are  used ;  but  there  are  furnaces 
a  the  Hudson  in  which  less  than  one  ton  and  a  half  of  antfracito  is  used  to  the  ton  of 
ig  produced,  with  about  the  same  proportions  of  ore. 

We  have  assisted  in  the  management  of  a  furnace  using  hematitic  ores  alone,  but 
rom  various  localities  and  with  a  small  percentage  of  manganiferous  hematites,  in 
rhich  one  ton  and  a  quarter  of  anthracite  produced  a  ton  of  pig  iron  as  an  average  of 
ix  months'  operation. 

The  secret  of  this  difference  in  the  amount  of  fuel  used  does  not  lie  in  the  character 
f  the  ore  or  the  purity  of  the  coal  alone,  but  in  the  construction  and  operation  of 
be  furnace,  as  well  as  in  the  items  of  coal  and  ore.  An  admixture  of  ores  even  of  one 
Iftfls,  though  from  several  localities,  reduces  the  quantity  of  flux  and  economizes  the 
Mt  of  reduction  ;  but  a  small  quantity  of  manganese  or  manganiferous  ores  not  only 
ftres  flux  and  fuel,  but  improves  the  make  of  iron. 

A  careful  selection  of  the  coal  used  is  also  an  important  item.  The  best  coal  used 
I  oar  anthracite  furnaces  contains  ten  per  cent,  of  silicious  matter,  and  much  of  it  not 
las  than  fifteen  per  cent,  of  incombustible  impurities.  The  bone  and  slate  not  only  will 
ot  bum,  but  they  require  an  equal  amount  of  carbon  to  reduce  them  to  a  fluid  state, 
ad  the  same  equivalent  of  lime  to  flux  them.  Therefore  ten  per  cent,  of  impurity  in 
mI  fulds  thirty  per  cent,  to  the  quantity  of  coal  and  lime  required.  It  would  be  better 
I  take  the  time  necessary  to  examine  the  cool  and  separate  it  from  the  bone  and  slate, 

I  fiur  as  possible,  than  to  feed  it  to  the  furnace  as  it  comes  from  the  mines. 

The  larger  the  amount  of  earthy  or  silicious  matter  the  coal,  ores,  and  limestones 
intain,  the  greater  will  be  the  amount  of  flux  and  fuel  required. 

In  regard  to  the  construction  of  the  furnace  there  are  several  important  objects  to  be 
imed  at.  The  hearth  should  be  deep  enough  and  large  enough  to  hold  the  metal  for 
reive  hours,  or  a  fixed  period,  beneath  a  protecting  cover  of  fluid  cinder,  and  below  the* 
irect  influence  of  the  blast ;  but  it  should  not  be  so  deep  as  to  allow  the  **  melting 
me"  to  fall  below  the  tuyer  on  running  out  the  metal  at  "  casting."  Nor  should  the 
se  of  the  hearth  be  so  great  as  to  prevent  a  blast  of  five  pounds'  pressure  per  square 
loh  from  reaching  beyond  its  centre.  In  order  to  meet  all  these  requirements,  an 
^long  hearth  is  most  desirable ;  and,  to  allow  of  the  prepared  burden  coming  freely  and 
^gularly  to  the  melting  zone,  the  lower  part  of  the  boshes  should  also  have  an  oblong 
tape  to  conform  to  the  style  of  the  hearth. 

The  body  of  the  furnace  should  bo  as  large  and  capacious  as  possible  to  be  in  uni- 
»rmity  with  the  bosh  and  the  flues.  It  does  not  seem  desira]>le  that  its  dimensions  should 
icrease  above  the  boshes,  because  it  is  supposed  that  the  expansion  of  the  materials 
aly  reaches  the  maximum  at  that  point,  and  the  regular  descent  of  the  charges  and 
Bcension  of  the  gases  depend  on  the  open  condition  of  the  mass  and  its  freedom  from 

II  liability  to  jam  from  expansion  or  from  contraction  of  area  of  the  body  of  the  fur- 
ace.  The  greatest  expansion  takes  place  between  the  throat  and  the  flues,  but  the 
eat  does  not  increase  in  proportion  below  that  point  until  the  boshes  are  reached;  and 
le  expansion  cannot  be  great  below  the  flues.  Yet  for  the  free  descent  of  the  ores  it  is 
apposed  that  the  body  should  increase  slightly  in  diameter  from  the  flues  to  the  top  of 
tie  boshes. 
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Truron,  an  eminent  English  founder  and  engineer,  argues  strongly  that  the  bestfbim 
of  furnace  is  that  of  a  gradual  increase  in  diameter  from  the  hearth  to  the  throat  Hii 
experience  entitles  his  opinions  to  respect ;  but  we  have  not  heard  that  his  Tiews  bam 
been  practically  demonstrated,  though  experiments  were  in  progress  over  ten  yeantgD 
by  Mr.  Coleman,  of  the  North.  Lebanon  furmiccs,  who  erected  a  Btack  on  Tniran*B  phn. 
It  did  not,  however,  produce  successful  results;  but  wo  are  informed  the  difficulty  wu 
not  in  the  stack  or  plan,  but  in  some  minor  details  of  blast  and  machinery. 

The  benefits  arising  from  a  large  area  in  the  upper  part  of  the  boshes  and  the  body 
of  the  furnace  are  several.  It  admits  of  the  ready  escape  of  the  products  of  ccimbi» 
tion  by  affording  space  for  fteir  ascent,  and  an  open  condition  of  the  burden  to  admit  t 
free  pav<»snge. 

The  longer  the  mass  of  ores  arc  exposed  to  the  escaping  heat  and  carbon,  the  longer 
will  they  bo  suliject  to  torrofaction,  oxidization,  and  carbonization,  and,  consequendy, 
the  better  prepared  on  arriving  at  the  point  of  fusion  to  be  reduced  or  separated  from 
their  earthy  impurities. 

Truran  says  there  should  be  no  escape  or  waste  of  carbon ;  that  it  should  be  entirely 
taken  up  by  the  ores  in  the  body  of  the  furnace,  and  that  the  gases  which  now  escape 
or  are  useil  under  the  boilers  and  in  the  hot-blast  oven  really  constitute  "  waste  hett," 
and  could  be  put  to  a  better  purpose  in  preparing  the  ore  than  in  generating  stetm  or 
heating  the  blast. 

It  seems  probable  that  such  a  consummation  would  produce  economical  results;  bol 
the  difficulty  lies  in  tlie  application  and  mechanical  construction  of  the  furnace.  Tbe 
common  theory  is  that  the  escaping  carbon  unites  with  the  oxides  of  the  ores  and  forw 
oarb^mic  oxide.  It  does  not  appear,  however,  that  the  carbon  of  combustion  uniiei 
with  the  oxides  of  the  ores  for  their  expulsion.  It  may  expel  the  oxide  by  taking  iti 
place,  thus  forming  a  carbide  of  iron.  If  it  necessarily  unites  with  the  oxide  ii 
order  to  deoxidize  the  ore,  we  cannot  understand  why  the  quantity  of  oxygen  should  bi 
diminished  by  the  process,  since  the  carbonic  acid  of  combustion  is  changed  to  carhooio 
oxide  in  ascending  through  the  furnace. 

In  the  economy  of  combustion  the  fixed  carbon  of  coal  is  not  consumed  or  destroyed, 
but  reduced  from  a  solid  to  a  vapor  or  gas,  in  combination  with  the  oxygen  of  the  Uiet; 
forming  carbonic  acid,  which  consists  of  one  equivalent  of  carbcm  and  two  of  oxygen* 
In  passing  up  the  furnace,  through  the  coals,  this  carbonic  acid  loses  port  of  its  oxygen 
and  becomes  carbonic  oxide.  It  is,  therefore,  impossible  that  the  vapors  of  combuetiot 
should  affect  the  deoxidization,  since  the  volume  of  oxygen  is  reduced  instead  of  in- 
creased in  ascending  thn>ugli  the  furnace.  The  coal,  therefore,  which  comes  in  contiet 
with  the  ores  must  absorb  the  oxide  of  the  latter,  while  the  ores  absorb  part  of  tbe 
carbon  of  the  former,  and  both  are  thus  improved  thereby.  The  coal  is  better  prepared 
for  combustiim,  and  the  ores  for  reduction. 

We  do  not  pretend  to  be  experts  in  the  science  of  chemistry,  and  our  arguments  maybe 
fallacious ;  but  such  appears  to  us  to  be  the  operations  going  on  in  the  body  of  the  fumtce. 

The  carbon  of  the  coal,  expanded  by  heat  to  many  hundred  times  its  original  balk, 
and  the  entire  amount  of  air  thrown  into  the  furnace  by  the  blast,  also  vastly  expanded, 
must  escape  in  vapor;  but  neither  the  one  nor  the  other  is  destroyed.  They  return 
a<;ain  to  the  earth  and  the  air  through  the  chemical  agencies  of  naturo,  which  opemto 
constant  I  v.     Heat  rarefies  them,  but  cold  condenses  them. 

It  would  appear,  therefore,  that  the  greater  the  mass  of  coal  and  ore  through  which 
the  "waste  lieaf  of  furnaces  is  diffused,  and  the  longer  they  remain  in  contact,  tbi 
groaU^r  will  be  the  quantity  of  oxide  extracted,  and  the  greater  the  quantity  of  carbon 
abiiorl>ed  by  the  ore.  But  it  is  not  probable  that  the  vapor  of  carbon — arising  frtae 
\\\%\  iM»m  bust  ion  of  coal  before  the  blast — should  carlwnize  the  ores  or  unite  with  tb«i» 
(uiduN   in  our  present  blast-furnaces,  since  carbt^n,  in  combination  with  oxygoi  tf 
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hydrogen,  can  be  reduced  from  a  vapor  to  a  solid  only  by  intense  cold  or  great  pressure, 
Or  both  combined.  The  vapor  of  combustion  in  ascending  through  the  furnace  changes 
fkcm  carbonic  acid  to  carbonic  oxide,  and  must  lose  a  portion  of  its  oxygen  in  the  pro- 
cess. If  it  took  up  the  oxides  of  the  ores,  this  could  not  happen,  since  the  volume  of 
CUygen  would  be  increased;  but,  on  the  contrary,  we  find  it  decreased. 

Combustion  does  not  take  place  above  the  zone  of  fusion,  or  beyond  the  direct  in- 
Buence  of  the  blast,  in  smelting-fumaces,  and  this  region  cannot  extend  much  above  tlie 
bearth.  The  product  of  this  zone  is  carbonic  acid  gas,  which  extinguishes  combustion ; 
bfaerefore  neither  the  carbon  of  the  coal  nor  the  oxide  of  the  ore  can  be  consumed  or 
raporized  when  in  contact  with  this  gas;  and,  since  it  arises  immediately  from  the  zone 
jf  fusion,  these  processes  cannot  go  on  except  when  under  the  direct  influence  of  the 
>la8i.  Therefore  the  ores  which  are  not  deoxidized  by  the  coal  must  be  deoxidized  at 
lie  expense  of  the  burning  carbon  at  the  point  of  fusion. 

But  carbon  will  absorb  oxygen  when  in  contact  under  a  certain  degree  of  heat,  even 
frhen  combustion  cannot  take  place ;  and  if  pulverized  charcoal  or  anthracite  and  iron 
urea  are  mixed  in  a  close  vessel,  and  subjected  to  a  strong  heat,  the  carbon  will  absorb 
he  oxide  of  the  ores,  while  the  ores  will  absorb  a  portion  of  the  carbon  of  the  coal. 

We  all  know  that  pure  iron,  which  contains  no  oxygen,  will  absorb  carbon  and  be- 
MMne  steel  when  packed  in  the  cementing  furnace  with  charcoal  dust,  and  subjected  to 
i  strong  heat,  though  air  is  carefully  excluded  from  the  cementing  chest. 

These  facts  demonstrate  that  the  deoxidization  and  carbonization  of  the  ores  in  the 
ilASt-fumace  are  the  result  of  contact  with  coal  under  a  high  temperature ;  but  they  also 
vrodnce  conclusive  evidence  that  these  processes  furnish  but  little  of  the  ''waste  heat,"  so 
ttlled,  or  the  gases  escaping  from  the  blast-furnace.  The  vapors  of  combustion,  arising 
TOm  the  zone  of  fusion,  and  produced  by  the  oxygen  of  the  blast  and  the  carbon  of  the 
lOftl,  produce  all  or  most  of  the  gas  which  we  call  "waste  heat,"  and  furnish  the  means 
rf  propelling  the  blast-engines,  and  adding  caloric  to  the  air  thrown  into  the  furnace. 
rhese  vapors  must  escape,  and  though  much  of  the  caloric  they  carry  off  may  be  re- 
ained  by  Truran*s  suggestions,  and  employed  in  the  torrcfaction  of  the  ores  and  the 
norease  of  temperature  in  the  body  of  the  furnace,  the  volume  of  gas  would  not  thereby 
le  diminished.  The  equivalents  of  carbon  and  oxygen  might  be  slightly  changed,  but 
he  gases  which  we  utilize  now  so  successfully  would  still  escape,  even  though  the  flues 
rere  comparatively  cold.* 

The  benefit  arising  from  an  enlarged  area  in  the  body  of  the  furnace  is,  therefore,  due 
0  the  longer  period  given  for  the  preparation  of  the  ore,  and  perhaps  we  may  add,  the  coal. 

When  the  coal  and  ores  are  fed  into  the  furnace  in  large  masses,  as  at  present^prao- 
iaed,  the  period  required  for  full  deoxidization  and  carbonization  is  much  longer  than 
ho  rapid  consumption  of  the  charges  will  allow,  and  the  ores  arrive  at  the  point  of 
nrion  only  partially  prepared  for  reduction.  At  this  point  the  deoxidization  can  take 
ilaoe  only  at  the  expense  of  both  oxygen  and  carbon,  or  blast  and  coal. 

If  allowed  to  remain  longer  in  contact,  the  coal  would  absorb  a  larger  quantity  of  the 
sides  of  the  ore,  and  the  ore  would  extract  a  larger  quantity  of  the  carbon  of  the  coal. 

The  extraction  of  the  oxides  from  and  the  addition  of  carbon  to  the  ores  prepares 
hem  for  rapid  reduction  with  but  a  small  amount  of  caloric;  while  the  absorption  of 
he  oxides  of  the  ore  by  the  carbon  of  the  coal  prepares  the  latter  for  combustion  on 

•  We  arc  led  to  this  oonclupinn  l>y  tho  fact  thnt  the  wiiste  heat  or  vapor  of  carhon  will  not  deoxidize  iron  orf« 
n  the  reTorboratory  hearth.  In  nil  the  proccMOH  for  producing  wrought  iron  direct  (W)ni  the  oroe,  it  is  nccessarj 
»  mix  pulverized  coal  or  chnrccHiI  \\ith  tho  pulverized  ores.  The  vapor  of  carbon  may  be  produced  (W>ni  cool 
riChout  tho  direct  urn  of  oxygen  by  subjecting  it  to  a  strong  heat;  but  it  does  not  a{)pfiar  that  stich  Tapor  will 
■rtwnize  iron  ore.  This  can  only  be  done  by  the  unbumcd  carlion  In  contact  with  tho  ores  under  a  strong  heat. 
ttfll  it  Is  possible  that  some  of  tho  **  wwito  heat'*  may  be  produced  fh>m  both  the  carbon  of  the  coal  and  the 
of  the  ores  under  the  high  temperature  of  the  furnace. 
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AiriTiDg  at  the  point  of  fuaion,  and  diminishes  the  qaantity  of  air  required  oUMnrin 
for  that  purpose. 

ACTION  WITHIN  THE  BLAST-FUKNACE— FUSION. 

Tlio  contents  in  the  boshes  and  near  the  hearth,  being  raised  to  an  intense  heit  bj 
the  combustion  of  the  fuel,  are  reduced  to  a  pasty  condition;  the  limestone  parts  with 
its  carbonic  acid  some  distance  above  its  point  of  fusion,  but  the  lime  is  more  reuilj 
fused  than  the  ore,  and  commences  to  flow  earlier  than  the  earthy  ingredients  of  the 
ore ;  with  these,  however,  it  combines,  aids  their  fusion,  and  forms  with  them  a  liqud 
slag  or  cinder.  This  flows  from  the  lower  part  of  the  boshes  to  the  hearth,  while  the 
oxidised  ore,  partially  free  from  its  siiicious  or  earthy  parts»  on  arriving  before  the 
blast  is  roduoed  to  a  liquid  metal  and  falls  through  the  cinder  in  drops  or  small  streami. 
Any  remaining  earthy  matter  is  taken  up  by  the  flux  during  the  passage  of  the  iron 
lhn>u^h  it.  The  metal,  being  heavy,  remains  in  the  bottom  of  the  hearth^  while  the 
flux  or  slag.  l>eing  lighter,  floats  on  the  top  of  the  iron. 

The  cinder  is  alli>wed  to  flow  almost  constantly  from  the  top  of  the  hearth,  while  thi 
metal  is  tapped  i^  oocasionally,  or  about  once  every  twelve  hours. 

The  tdag  indicates  by  its  appearance  the  manner  in  which  the  furnace  is  working. 
Thus,  if  the  oiudor  i:«  liquid,  nearly  transparent,  or  of  a  light-grayish  color,  and  hasi 
fta^'turi^  like  limCj»UMie.  a  favorable  state  of  the  furnace  is  indicated.  Tints  of  yellow, 
blue.  \xr  green  show  that  the  furnace  is  working  cold.  A  deep  brown  or  black  ookf 
iudicali^s  that  the  supply  of  fuel  is  not  sufficient  to  deoxidize  the  ore,  or  that  the  ore  iDd 
ooal  have  u^^  l>een  in  contact  a  sufficient  length  of  time  for  the  purposes  of  deoxidiiir 
%k>ii  and  carU^ixation. 

THE   ECONOMY  OF  SMELTING. 

lusteavl  of  alcerlu^  the  fv^rm  and  increasing  tiie  body  of  the  furnace,  a  better  pIiD  ii 
K^  (vrK^iyirx*^  the  ore  for  a  more  rapid  and  complete  deoxidixation  and  carbonization;  and 
this  can  K*  d;«e  w*:ch  much  e^vnomy  by  a  simple  process. 

The  ol  \v:";o«  :.^  aa  iu;r\*a<<»  ::i  tho  height  of  stacks,  to  the  increase  in  area,  and  the 
puNc:i'..i'.;-a  •;;*  the  materia".*  u<evl,  :s  th-*  strangulation  of  the  draft,  or  the  obetriM- 
liou  iv  the  rrrv  c<<.*ajn*  of  the  vap  -rs  if  combustion  ;  but  this  is  provided  for,  while  the 
prcj».i«M::.  u  i<  c  mi  le:e«l  by  the  f'llowin^  rr.-oc!<»: — 

All  v»n.'>  >l!.i:M  be  torrefif^il  in  kilns  iHif.r!?  arjiag  into  the  furnace ;  and  this  can  be 
J'.'iie  lit  a  vory  trilling  oxji^nso  with  the  waj>:e  ccal  of  the  anthracite  mines,  if  proper 
provisions  are  made  for  ilic  |»uriK>He.  The  c-:«  of  this  operation  in  kilns  with  waste 
coal  i»  not  over  ten  cents  per  ton,  while  that  cf  lorrefaction  in  the  furnace,  by  our  pre- 
acnt  prov.-es3,  is  not  less  than  one  dollar  per  ton  of  iron  produced  at  present  prices. 

When  the  ore  is  thus  prepared,  the  deoxidizauon  and  carbonization  are  rapid,  and 
though  the  ore  may  pack  more  closely  in  the  furnace  and  obstruct  the  draft  to  a  Ge^ 
tain  extent,  the  furnace-stiick  may  bo  much  less  in  elevation,  and  better  results  be 
(btained,  tlian  in  the  high  furnaces  where  the  torrefaction  is  carried  on  at  the  expense 
of  the  [jn^luction  of  iron. 

In  Wales  where  iron  is  made  cheaper  than  in  any  other  part  of  the  world,  this  pre- 
paration of  the  ores  is  always  carefully  performed ;  and  we  may  also  practise  it  with 
equal  economy  here. 

But  it  is  not  proposed  that  the  improvement  should  stop  at  this  point,  since  still 
greater  economy  can  be  effected  by  carrying  the  preparatory  process  further. 

The  most  refractory  and  massive  ores  after  torrefaction  beci)me  friable  and  earilj 
pulverized:  they  are  therefore  readily  reduced  to  a  powder  by  the  stamping  or  roUin/; 
pn)ces».  In  this  condition  they  are  mixed  with  a  sufficient  amount  of  fine  coal  or  w^ 
boil  duHt,  to  absorb  the  oxides  of  the  ores  and  carbonize  the  iron.    In  fact,  enough  carboo 
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n  the  shape  of  powdered  anthracite  may  be  added  to  complete  the  fusion  as  well  as  the 
^reparation.  To  the  pulverized  ore  and  coal  is  then  added  a  sufficient  quantity  of  lime 
o  insure  adhesion  and  for  flux :  the  mass  is  then  made  into  a  stiff  mortar,  and  subse- 
[vently  into  blocks  by  hand  or  machinery. 

This  process  may  seem  elaborate  and  costly;  but  from  the  burning  of  the  ore  to  the 
bnn&tion  of  the  blocks  ready  for  the  furnace,  not  over  twenty-five  cents  per  ton  need 
i«  expended  in  labor,  if  the  proper  apparatus  and  machinery  are  provided. 

It  can  always  be  made  convenient  to  dump  the  ores  at  the  top  of  the  calcining  kilns, 
rhile  the  elevation  of  the  calcined  ores  to  the  top  of  the  pulverizing  and  preparing 
■ftablishment — something  like  our  anthracite  coal-breakers,  but  less  extensive— can  be 
one  by  the  ordinary  means.  From  this  elevation  the  pulverized  ores,  coal,  and  lime 
escend  to  the  mixing-troughs,  and  from  them  to  the  compressing  machines,  where  the 
ompound  is  formed  into  blocks  solid  enough  for  handling,  and  from  whence  they  are 
niTeyed  by  self-acting  elevators  to  the  top  of  the  furnace,  to  be  stacked  and  dried  for 


By  this  mode  one  ton  of  waste  coal,  such  as  is  now  refused  and  is  a  constant  trouble 
nd  expense  to  our  coal-miners,  would  be  of  more  service  than  two  tons  of  the  best 
nihracito  lump  as  now  used  in  our  blast-furnaces. 

THE  HEARTH. 

As  stated  and  demonstrated,  the  ores  and  coal  of  the  blast-furnace  should  descend  to 
lA  hearth  in  a  condition  for  instant  fusion.  If  they  arrive  in  this  condition  before  the 
lut,  the  amount  of  coal  required  to  reduce  the  carbide  to  fluid  metal  is  limited,  and  the 
rocess  rapid.  The  iron  falls  like  rain  through  tho  liquid  cinder,  which  covers  and  pro- 
lets  it  against  reoxidization  by  the  oxygen  of  the  blast.  The  lighter  materials,  such  as 
lioa  and  all  earthy  substances,  arise  to  the  surface  and  are  taken  up  by  the  flux.  That 
p  the  lime  unites  with  the  silica,  &c.  to  form  cinder ;  the  carbon  unites,  to  a  limited 
dent,  with  the  iron,  and  forms  cast  iron ;  while  the  liberated  carbon  of  the  coal,  united 
ith  the  oxygen  of  the  air  of  the  blast,  escapes  as  the  vapors  of  combustion. 
If  the  fluid  carbide  of  iron  in  the  hearth  of  the  furnace  was  not  protected  by  the 
^raring  flux  or  cinder,  it  would  be  reduced  by  the  action  of  the  blast,  first  to  a  mal- 
able  iron,  and  then  again  to  tho  oxide  of  iron,  in  the  shape  of  a  black  magnetic  oxide, 
miUur  to  the  scales  which  lie  around  the  blacksmith's  anviL 

THE  CONVERSION  OF  CAST  METAL  INTO  BAR  IRON. 

The  conversion  of  the  cast  pig,  which  is  the  production  of  the  blast-furnace,  into  bar 
malleable  iron,  is  a  more  costly  and  laborious  operation  than  the  first  process,  or  that 
reducing  the  oxide  of  iron  to  the  carbide  of  iron  or  cast-iron. 

The  decarbonization  by  tho  process  of  puddling  and  oxidization  is  more  costly  and 
mblesome  than  the  deoxidization  and  carbonization  in  the  blast-fumaee,  excluding 
a  cost  of  the  ores.  That  which  is  first  done  to  produce  the  pig  must  be  undone  to 
odoce  the  bar.  It  would  thus  appear  that  the  proper  process  would  be  to  produce 
a  bar  direct ;  but  to  the  prcsenti^me  we  have  failed  to  do  this  with  as  much  economy 
it  can  be  done,  indirectly,  in  the  blast-furnace :  we  think,  however,  the  difficulty  is 
nrely  a  mechanical  one,  and  that  its  accomplishment  is  within  the  scope  of  modem 
mention. 

40 
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niPROVEMEXT  IN  HOT-BLAST  OVENS .♦ 

**  On  the  Practtcal  Remits  obtained  from  Blatt-Fumaeea  by  the  Use  of  Hot  BloMt  of  a  very  JSffl 

Temperature,^* 

One  of  the  most  valuable  papers  read  before  the  British  Association  at  its  mee&ig 
this  year  was  one  by  E.  A.  Cowper,  on  the  subject  above  stated.  It  ttiU  be  seen  tfatt 
the  blast  is  heated  by  a  cellular  mass  of  brick-work,  on  the  principle  of  Sianeni's 
furnace. 

This  plan  of  obtaining  an  intense  heat  is  destined  to  play  a  great  part  in  the  arti^ 
and  we  wonder  that  it  has  not  attracted  greater  attention  in  this  country. 

'*  It  is  not  proposed  to  detain  the  meeting  with  a  history  of  the  namerous  attempti 
which  have  been  made  to  raise  the  blast  for  blast-furnaces  to  a  very  high  temperature, 
nor  will  the  author  occupy  much  time  in  the  description  of  the  means  by  which  the 
dcftirod  result  has  been  obtained,  as  a  full  account  of  the  apparatus  was  given  at  the 
meeting  of  this  Association  held  at  Oxford,  though  the  paper  on  the  subject  was  Dot 
printed  in  the  Transactions. 

**In  1861,  experimental  stoves  only,  on  the  new  plan,  had  been  erected  and  worM 
for  heating  the  blast  for  one  tweer  out  of  the  five  used  for  one  blast-furnace.  Sodi 
satisfactory  results  were,  however,  obtained,  that  it  was  clear  that  the  difficulty  of  pio- 
curing  blast  of  a  very  high  temperature  had  been  overcome,  and  Messrs.  Cochrane  k 
Co.,  of  "Woodside  Iron-Works,  Dudley,  and  Ormesby  Iron-Works,  near  Middlesboro'-CB- 
Tees,  forthwith  erected  large  stoves  on  the  new  plan  for  a  complete  blasi-famace,  and 
it  is  now  proposed,  with  your  permission,  to  lay  before  the  section  the  results  obtuaed 
during  upwards  of  four  years'  practical  working  with  these  stoves. 

"The  effect  of  heating  air  on  the  new  plan  was  that  a  temperature  of  blast  of  IW 
Fah.  was  obtained,  instead  of  only  600**  or  700®,  as  with  cast-iron  pipes  in  the  commn 
stove8.  There  was  no  loss  of  blast  from  leakage  owing  to  cracked  or  damaged  ca5^ 
iron  pipes.  The  iron  produced  was  of  rather  better  quality;  twenty  per  cent,  more  iroa 
was  made  from  the  same  furnace,  and  fully  5  cwt.  of  coke  was  saved  in  the  blast-fnniMe 
per  ton  of  iron  made. 

"The  details  of  the  construction  of  the  new  stoves  will  be  readily  understood  I7 
reference  to  the  drawings. 

"First.  There  are  two  stoves,  which  are  heated  alternately  and  used  altematelvii 
heating  the  cold  air:  these  are  filled  with  brick-work  *8Ct  open,'  or  with  small  space! 
between  the  bricks,  and  form  regenerators,  on  the  principle  of  Mr.  Siemens's  *  regeoe 
rator  furnaces,'  as  now  so  largely  used  in  glass-houses,  gas-works,  iron-works,  &c.,  botk 
for  obtaining  great  heat  and  economizing  fuel. 

"The  outside  of  the  stoves  is  of  thin  wrought-iron  plate  lined  with  fire-brick,  the 
iron  skin  being  necessary  to  retain  the  blast  under  pressure,  while  the  fire-brick  resistf 
the  heat. 

"vSocond.  There  are  provided  for  the  purpose  of  heating  the  stove's  yalves,  for  the 
admipsion  of  gas  and  air  into  a  central  flue,  where  combustion  takes  place  when  a  store 
is  being  heated,  the  products  of  combustion  passing  up  the  flue  and  down  through  th« 
mass  of  fire-bricks  forming  the  regenerator,  and  esoii^ing  at  the  bottom  to  the  chimnfT 
after  the  wliole  of  the  heat  has  been  abstracted  by  the  fire-bricks,  the  temperature  of 
the  chimney  being  from  212**  to  250**,  or  thereabouts,  during  the  time  a  stove  is  being 
heated,  viz.:  for  a  period  of  four  hours.  Then,  when  a  stove  is  hot,  the  gas  and  air  are 
turned  off,  the  chimney-valve  shut,  and  the  cold  blast  is  turned  on  at  the  bottom  of  the 
regenerator,  and  passes  up  through  the  bottom  courses  of  brick-work  in  the  regenentnr, 

*  From  the  "  Sclentiflc  American/*  toI.  xili..  No.  21,  New  8«ri«. 
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IboB  rery  quickly  becoming  heated ;  and  passing  in  the  heated  state  np  through  the 
mnaining  courses  of  brick-work,  and  down  the  central  flue  through  the  hot-blast  valve  to 
the  blast-furnace,  the  process  of  absorption  of  heat  by  the  air  being  so  perfect  that,  as  long 
18  a  few  of  the  top-courses  of  the  brick- work  remain  hot,  the  blast  is  well  heated,  the  va- 
riation in  the  temperature  of  the  blast  being  only  about  lOO'^  Fah.  with  four-hour  changes. 

"Third.  The  gas  for  heating  the  stoves  is  supplied  from  gas-producers,  similar  to 
those  commonly  used  by  Mr.  Siemens  for  his  regenerating  furnaces,  and  whi(;h  have 
already  been  described  before  this  Association.  They  consist  of  a  simple  brick  en- 
cloeure  or  fireplace,  with  bars  near  the  bottom,  for  the  admisakm  of  a  very  small  quan- 
tity of  air.  The  gas  is  formed  by  slow  combustion  of  a  very  thick  fire,  sii]>plicd  with 
poor  coal,  or  slack,  down  a  slope,  or  hopper,  the  gas  passing  off  from  above  the  fuel 
through  pipes  to  the  hot-blast  stoves.  Gas  may,  however,  bo  taken  from  the  top  of  the 
blaat-furnnce  for  heating  the  stoves,  provided  proper  arrangements  are  made  to  separate 
it  from  the  dust  which  comes  over  from  the  blast-furnace  with  it;  and,  judging  from 
recent  practical  experiments,  it  is  certain  that  there  arc  several  ways  in  which  this  may 
be  done  with  perfect  success. 

"The  late  James  Beaumont  Ncilson,  who  did  so  very  much  for  the  iron  manufacture 
by  his  original  invention  of  the  hot-blast  in  1820,  was  sufficiently  long-sighted  to  predict 
the  advantages  that  would  flow  from  the  use  of  blast  of  a  very  high  temperature, 
though,  as  it  happened,  he  was  limited  to  what  could  be  obtained  from  passing  the  air 
through  iron  pipes  exposed  to  a  fire,  as  in  common  stoves. 

**Mr.  Neilson  said,  *In  the  new  regenerator  ovens  that  had  just  been  described,  the 
great  capacity  of  fire-brick  for  heat  had  been  well  taken  advantage  of,  and  a  very  im- 
portant step  in  advance  had  been  by  giving  the  means  of  raising  the  temperature  of 
blast  much  above  the  extreme  limit  practicable  with  the  old  ovens;  and  he  considered 
this  would  be  productive  of  the  greatest  benefit  in  the  working  of  blast-furnaces.  He 
had  no  doubt  the  make  of  iron  would  be  considerably  increased  by  the  higher  temper- 
ature of  blast  given  by  the  regenerator  ovens.' 

**  These  anticipations  have  been  fully  borne  out  in  practice  during  upwards  of  four 
years'  regular  working  of  the  stoves.  The  high  temperature  of  the  blast  proiluces  such 
an  improved  effect  in  the  furnace  that  the  'burden'  is  increased  so  as  to  save  fully  five 
hundred-weight  of  coke  per  ton  of  iron  made;  and  as  there  is  less  fuel  supplied,  so 
there  are  less  impurities  taken  in,  and  the  quality  of  the  iron  is  improved,  the  'tweer- 
breasts'  do  not  'work  hot'  or  burn,  or  give  more  trouble  than  usual,  as  the  burden  is 
increased  as  just  stated.  The  same  furnace  is,  of  course,  enabled  to  do  more  work, 
the  'make'  being  increased  fully  one-fifth:  so  that  a  given  'plant*  produces  20  per  cent, 
more  iron  per  annum,  besides  saving  nearly  3*.  per  ton  for  coke. 

"  There  is  less  friction  or  loss  of  pressure  of  blast  in  these  stoves  than  in  common 
ones,  and  there  is  no  loss  of  blast  by  leakage  through  cracked  or  burned  cast-iron  pipes 
or  joints.     More  stoves  are  now  being  erected  on  the  same  plan." 

Every  practical  iron-master  will  comprehend  at  once  the  economy  and  benefits  of  the 
foregoing  plan  of  hot-blast  apparatus.  It  is  not  only  commended  by  the  great  increase 
of  temperature  produced,  but  by  its  simplicity,  cheapness,  and  reliability. 

Those  who  have  had  the  most  experience  with  the  common  hot-blast  ovens,  or 
"atoves,"  formed  with  cast-iron  pipes,  are  familiar  with  their  imperfections.  It  is 
impossible  to  construct  a  cast-iron  heater  that  will  give  much  over  half  the  temperature 
of  blast  obtainable  from  the  regenerator  described. 

But  we  are  far  behind  our  cousins  across  the  water  in  the  manufacture  of  iron  and 
in  the  use  of  the  new  and  wonderful  inventions  perfected  within  the  last  ten  years.  It 
is  true,  Siemens's  regenerators  are  in  use  at  Pittsburg;  yet  but  few  of  our  iron  manu- 
facturers know  much  or  any  thing  about  them.  Their  application  to  the  production  of 
bar  iron  direct  from  the  ore  will  be  considered  further  on. 
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THE  PUDDLING-PEOCESa  \ 

The  process  of  pnddling,  or  the  decarbonisation  of  cast  iron  bj  stirring  it  while  in  a 
fluid  condition  and  exposing  all  parts  to  an  oxidizing  current  of  flame  and  air  in  a 
reverberatory  furnace,  was  invented  in  1783-84  by  Mr.  Heury  Cort,  of  Gosport,  Eng- 
land. Ue  also  invented,  about  the  same  time,  the  use  of  rollers  for  the  purpose  of  pro- 
ducing bar  iron  frofltilhe  puddled  blooms  or  balls. 

'*  It  is  not,  perhaps;  generally  known  that  Mr.  Cort  expended  a  fortune  of  £20,000  in 
perfecting  his  invention  lor  puddling  iron  and  rolling  it  into  bars  and  plates,  that  he 
was  robbed  of  the  fruit  of  his  discoveries  by  the  villany  of  officials  in  a  high  depart- 
mcnt  of  the  Qovernmcnt,  and  that  he  was  ultimately  left  to  starve  by  the  apathy  and 
selfishness  of  an  ungratalul  country."^ 

The  process  ot  converting  pig  metal  to  bar  iron  in  the  puddling-fumace,  as  hefon 
stated,  is  the  reverse  of  the  processes  employed  to  produce  the  pig  from  the  ore  in  the 
blast-furnace.  In  the  puddling-fumace  the  pig  iron  is  reduced  to  a  fluid  condition  by 
a  strong  heat.  In  this  fluid  state  it  is  subject  to  currents  of  flame  and  air  while  agi- 
tated by  the  tools  of  the  puddlcr.  This  brings  the  iron  into  contact  with  the  oxygen 
of  the  air,  which  absorbs  or  bums  out  the  carbon  from  the  pig  metal.  In  other  words, 
the  carbon  unites  with  the  oxygen  and  passes  off  as  the  vapors  of  combustion,  leaving 
the  iron  in  a  decarbonized  and  crystalline  condition.  The  crystals  are  elongated  or 
drawn  into  fibres  by  the  rolling  or  hammering  process,  and  thus  form  malleable  or  bar 
iron. 

In  the  puddling-process  great  care  must  be  taken  by  the  puddler  to  proTent  the  hon- 
ing or  oxidization  of  the  iron  when  divested  of  carbon,  which  is  done  by  ocmstuflj 
shifting  the  masses  and  immersing  them  in  the  fluid  cinder  of  the  puddling-heartL 
The  operation  of  puddling  by  hand  is  very  laborious,  and  can  only  be  done  by  experts 
without  great  loss.  The  stirring  process  should  not  be  suspended  an  instant  firam  ifaa 
time  the  iron  is  in  a  fluid  state  until  it  is  ready  to  ball,  or  is  free  from  its  carbon. 

In  the  best  puddling-fumaces,  expert  puddlers  make  six  heats  per  day,  of  4  cwi  to 
each  heat,  or  24  cwt  of  pigs  used,  and  22  cwt  of  puddled  iron  produced  with  an  ex- 
penditure of  28  cwt,  of  coal  in  the  single  and  17  cwt.  in  the  double  puddling-fumaces 
to  the  ton  of  puddled  bars  made. 

These  are  the  results  of  the  best  English  puddling-fumaces.  We  do  not  do  as  veil 
at  home  with  the  best  anthracite  coal.  The  average  consumption  of  coal  in  our  rolling- 
mills  is  three  tons  to  the  ton  of  railroad  bar  produced ;  but  this  includes,  of  course^  the 
reheating  and  rerolling  of  the  puddled  bars. 

The  total  consumption  of  anthracite  coal  to  the  ton  of  rculroad  iron  produced,  firom 
the  ore  to  the  rail,  is  an  average  of  five  tons,  in  this  country.  Where  bituminous  ooal 
is  used,  the  consumption  is  from  six  to  seven  tons  per  ton  of  rail. 

PUDDLma  IRON  BY  MACHINERY.! 

*' At  the  last  meeting  of  the  Mechanical  Engineers'  Society  of  Birmingham,  8  paper 
was  read  by  Mr.  Henry  Bennett,  of  Wombridge  Iron-Works,  on  puddling  iron  by  madur 
nery,  from  which  we  take  the  following  extracts. 

DESIRABILITY  OF  THE  IMPROVEMENT. 
'*In  the  manufacture  of  wrought  iron  fh>m  the  crude  pig  iron,  the  purifying  of  the 
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etal  bj  the  process  of  puddling  inyolves  a  yery  heavy  and  long-oontiiiuoas  hard 
bor,  since  the  metal,  after  being  smelted  in  the  puddling-fumace,  has  to  bo  continu- 
tsly  stirred  for  a  considerable  time  while  *  boiling/  in  order  to  expose  it  thoroughly  to 
e  action  of  the  current  of  air  passing  through  the  furnace,  so  as  to  affect  the  chemi- 
1  changes  required  for  the  separation  and  removal  of  the  impurities  combined  with 
e  iron. 

"The  metal  has  Hien  to  be  'balled  up'  into  separate  masses,  of  about  three-quarter 
rt.  each,  for  the  *  shingling'  hammer ;  and  the  whole  process  extends  over  about  an 
nr  from  the  time  of  melting  the  pig  iron  for  each  heat,  of  which  six  are  worked  in 
eday. 

"  The  application  of  machinery  to  puddling  has  been  long  felt  to  be  very  desirable, 
I  account  of  the  laborious  nature  of  the  process,  owing  to  the  continuous  heavy  work 
quired,  and  the  great  heat  to  which  the  men  are  exposed;  and  the  simple  mechanical 
laracter  of  the  greater  part  of  the  process,  which  consists  in  merely  a  continuous,  uni- 
nn  stirring  of  the  material,  renders  it  very  suitable  in  that  respect  for  the  application 
'  machinery.  But  the  high  temperature  of  the  furnace  and  the  necessity  for  not 
terfering  with  the  current  of  air  passing  through  it,  which  has  to  be  regulated  and 
langed  as  the  process  advances,  cause  great  difficulty  in  successfully  carrying  out  the 
yplication  of  machinery  in  place  of  hand-labor. 

OBJECT  AIMED  AT. 

•*  The  object  of  the  writer  has  been  to  employ  machinery  simply  to  aid  the  puddler, 
f  relieving  him  of  the  most  laborious  part  of  the  work,  namely,  the  stirring  or  work* 
g  of  the  metal  in  the  puddling-fumace. 

"At  the  same  time,  the  objects  aimed  at  have  been,  by  a  more  rapid  and  uninter^ 
[pied  process  of  stirring  the  metal  to  shorten  the  time  of  puddling,  thereby  econo- 
iiing  fuel ;  to  improve  the  quality  of  the  iron  by  rendering  the  process  more  uniform 
id  perfect  than  with  hand-labor ;  and  to  increase  the  yield  of  the  furnace  by  working 
rger  charges  than  could  be  both  puddled  and  balled  up  at  one  heat  by  hand-labor 

DESCRIPTION  OF  THE  MACHINE  PUDDLER. 

•'The  ordinary  puddling-tool,  or  'rabble,'  is  worked  backward  and  forward  in  the 
iddling-fumace  by  a  vertical  arm  outside  the  furnace,  to  which  it  is  connected  by  a 
>tch  in  the  handle  of  the  rabble,  dropped  loosely  upon  a  pin  at  the  bottom  of  the  work- 
g  arm.  This  arm  is  cottercd  at  the  top  into  a  horizontal  square  bar  overhead,  sliding 
ngitudinally  through  two  guide-sockets,  and  worked  by  connecting-rods  from  a  long 
•iron  bar  extending  horizontally  across  a  whole  row  of  puddling-furnaces,  the  T-bar 
>ing  carried  by  anti-friction  rollers.  A  longitudinal  reciprocating  motion  is  given  the 
ur  by  a  crank  at  one  end  driven  by  engine-power.  The  guide  from,  or  sector  carrying 
le  guide-sockets  of  the  sliding  bar,  is  centred  on  a  vertical  pin  immediately  over  the 
xat  of  the  puddling-fumace,  and  the  outer  end  is  moved  transversely  from  side  to  side 
ith  a  slow  reciprocating  traverse  along  a  guiding  quadrant  by  means  of  a  connecting- 
id  from  a  crank  which  is  driven  through  a.  worm  wheel  and  screw  shafl  extending 
ret  the  furnaces  alongside  the  reciprocating  T-bar.  This  bar  works  at  a  speed  of 
lx>at  fifly  strokes  per  minute,  and  has  a  length  of  stroke  of  2  feet  10  inches,  carrying 
le  rabble  with  the  same  length  of  stroke  across  the  floor  of  the  furnace.  The  traverse 
lOtion  given  by  the  crank,  which  makes  one  revolution  for  every  seventy  strokes  of  the 
ibble,  causes  the  direction  of  each  stroke  to  change  gradually  between  two  extremes  of 
le  guiding  quadrant,  so  that  the  end  of  the  tool,  instead  of  moving  backward  and  forward 


630  THE  £LABOBATION  OF  IBOK  AND  8TEEL. 

always  in  the  same  line,  is  worked  saccessiyely  over  erery  portion  of  the  floor  of  thi 
furnace,  within  certain  limits,  in  lines  radiating  from  the  working  hole  in  the  door  of  tbe 
furnace,  corresponding  exactly  to  the  action  in  baod-puddling. 

"  In  the  double  furnace  with  a  door  on  each  side,  two  traversing  cranks  are  set  at  right 
angles  to  each  other,  so  that  the  two  rabljles  are  always  working  in  different  parts  of 
the  furnace.  The  whole  of  the  machinery  is  kept  clear  above  the  furnace  outside,  and 
completely  protected  from  heat,  and  quite  out  of  the  way  of  the  men, — nothing  being 
exposed  to  the  heat  except  the  rabble  or  puddling-tool,  the  same  as  in  hand-puddling. 

'*  The  double  furuace  is  exactly  the  same  in  construction  in  all  respects  as  the  ordinary 
single  puddling-furnaces,  except  that  it  is  made  with  a  working  door  at  each  side,  and 
is  one  foot  wider  inside. 

OPERATION  OF  THE  MACHINE. 

''When  the  charge  of  pig  iron  is  melted  and  ready  fur  the  commencement  of  the  pnh 
cess  of  puddling,  the  apparatus  is  put  in  action  by  simply  dropping  the  notch  in  the 
handle  of  the  rabble,  or  the  pin  in  the  working  arm,  which  is  kept  continuously  in 
motion  by  the  horizontal  reciprocating  T-bar  working  overhead.  The  puddlcr  change! 
his  tool  from  time  to  time,  as  it  becomes  heated,  by  simply  lifting  the  notch  in  the 
handle  off  the  pin  in  the  working  arm,  and  replacing  the  tool  with  a  fresh  one,  without 
stopping  the  machine ;  and  when  the  iron  begins  to  thicken,  he  takes  the  opportonitj 
of  each  change  of  tool  to  make  a  few  strokes  by  hand,  in  order  to  collect  the  metal  from 
the  extreme  sides  of  the  furnace  into  the  centre,  which  is  found  to  insure  the  whole 
charge  being  uniformly  worked.  The  usual  time  of  working  with  the  machine  is  iboat 
25  minutes  with  ordinary  forge  pig  iron,  the  tool  being  changed  five  or  six  times;  bd 
with  gray  iron  the  time  of  working  is  much  prolonged.  ' 

**  In  the  latter  case  the  machine  is  especially  serviceable,  since  the  iron  keeps  is  a 
fluid  state  much  longer,  and  requires,  consequently,  so  much  more  working;  which 
causes  the  labor  to  be  so  much  more  severe  in  the  case  of  hand-puddling  that  there  ii 
great  difficulty  in  getting  men  to  work  any  iron  that  is  very  gray.  With  the  machine, 
however,  this  causes  no  increase  of  labor  to  the  men,  and  only  increases  the  time  of  the 
process. 

"When  the  iron  begins  to  thicken,  or,  as  it  is  termed,  'coming  to  nature,' the 
machinery  is  disconnected  without  stopping  it,  by  simply  knocking  out  the  cotter  that 
fixes  the  upper  end  of  the  vertical  working  arm ;  the  arm  then  drops  out,  leaving  the 
furnace-door  entirely  clear  for  the  puddler  to  ball  up  the  iron,  which  is  done  exacUr  in 
the  same  manner  as  in  ordinary  puddling-furnaces,  without  the  man  being  in  any  waj 
inconvenienced  by  the  machinery  continuing  to  work  overhead. 

ECONOMICAL  RESULTS. 

''The  machine  is  applied  to  ordinary  single  puddling-furnaces  without  any  alteration 
being  required  in  the  furnace,  the  frame  of  the  apparatus  being  merely  attached  to  the 
top  of  tho  furnace.  The  double  furnace  is  preferable,  however,  as  it  effects  a  great 
economy  in  tho  consumption  of  fuel  as  compared  with  a  single  furnace,  and  paddlei 
double  tho  quantity  of  iron  in  the  same  time.  With  the  single  furnace  at  the  writer^i 
works,  and  charges  of  5  cwt,  the  consumption  of  coal  is  28  cwt.  per  ton  of  puddled 
bar  made;  but  with  the  double  furnace,  and  charges  of  10  cwt.,  the  consumption  of 
coal  is  only  17  cwt.  per  ton  of  puddled  bar,  being  a  reduction  of  39  per  cent  The 
number  of  heats  or  charges  worked  in  the  single  furnace  is  six  heats  of  5  cwt  each, 
and  in  the  double  furnace  five  heats  of  10  cwt.  each  per  turn  of  from  nine  to  ten  hours. 
In  working  the  double  furnace  it  is  found  best  to  have  one  puddler  only  and  two  und^'* 
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Imdi,  to  avoid  the  division  of  responsibility  that  would  arise  in  case  of  two  puddlers 
norldng  the  same  charge  of  iron. 

SIX  MONTHS*  EXPERIENCE. 

"Mr.  W.  Fisher,  manager  of  Mr.  Bennett's  works,  said,  in  answer  to  inquiries,  that 
the  puddling-mochines  had  now  been  at  work  constantly  during  the  day  for  the  last  six 
months  at  the  Wombridge  Iron-Works,  and  continued  to  work  as  well  now  as  they  did 
when  first  started ;  and  there  had  been  no  occasion  to  repair  any  of  the  working  parts 
aince  then,  as  the  machines  had  been  found  very  simple  and  strong.  A  man  went 
nmnd  twice  a  day,  and  put  a  little  oil  on  morning  and  evening ;  and  they  could  be 
worked  night  and  day  when  desired.  At  first  there  had  been  a  little  difficulty  in  in- 
troducing the  machine;  but  now  the  men  felt  its  advantage,  and  were  anxious  to  ha?e 
it  employed  on  night-work  also. 

**  The  six  months'  experience  of  the  working  of  the  machine  had  shown  that  5  cwt. 
of  iron  had  been  puddled  by  it  in  the  time  that  a  man  would  take  to  puddle  4  cwt. ; 
and  it  was  also  found  that  the  machine  made  a  great  improvement  in  the  quality  of 
the  iron.  This  was  accounted  for  by  the  fact  that,  while  in  hand-puddling  there  was 
the  liability  of  under^hands  to  neglect  their  work,  the  machine  went  steadily  on,  working 
the  tool  constantly  to  and  fro  in  the  furnace  without  any  intermission,  and  kept  the 
ixon  well  stirred  during  the  whole  time  that  the  work  was  required  to  be  put  into  it. 
The  consequence  was,  that  very  seldom  was  a  bit  of  raw  iron  seen  from  the  puddling- 
furnaces  worked  by  the  machine;  and  the  puddled  bars  were  very  seldom  found  to 
break  off  short  in  the  rolling,  unless  the  iron  was  too  hot.  In  the  heavy  operation 
of  puddling,  it  was  impossible  for  any  puddler  to  stand  up  to  his  work  as  the  machine 
did,  since  the  machine  never  tired,  but  kept  steadily  on  without  rest,  and  at  a  quicker 
imte  of  working  than  in  hand-puddling.  By  using  the  machine  to  do  the  heavy  part 
of  the  work,  it  was  only  required  for  the  puddler  occasionally  to  disengage  the  tool 
and  draw  the  iron  from  the  sides  of  the  furnace  into  the  centre,  leaving  the  machino 
during  the  rest  of  the  time  to  perform  its  work  alone.  When  the  iron  was  ready  for 
balling  up,  the  puddler  came  fresh  to  the  work ;  and,  from  the  men  being  relieved  of 
the  severest  part  of  the  labor,  the  furnaces  worked  by  the  machino  turned  out  about  5 
cwt  at  each  heat,  and  six  heats  during  the  day,  with  the  same  quantity  of  fuel  as 
was  used  for  the  ordinary  heats  of  only  4  cwt.  in  hand-puddling,  with  six  heats  per 
day.  The  average  result  of  a  day's  work  with  the  machine  was  about  28}  cwt.  of 
puddled  iron  frum  30  cwt.  of  pig  iron,  as  compared  with  about  22^  cwt.  of  puddled 
iron  from  24  cwt.  of  pig  iron  by  hand-puddling.  The  improvements  effected  by  the 
machine  were,  therefore,  that  it  produced  a  better  quality  of  iron,  with  a  decreased 
oonsumptiou  of  fuel,  and  turned  out  more  iron  in  the  same  time. 

"The  machine  did  not  interfere  with  the  wages  of  the  under-hands,  as  they  had  to  be 
employed  the  same  as  without  the  machine ;  whilst  the  puddler's  wages  were  increased 
by  his  being  enabled  to  turn  out  more  iron  in  the  same  time." 

We  have  witnessed  and  hoard  of  several  attempts  to  puddle  iron  by  machinery,  but 
none  of  the  inventions  with  which  we  are  familiar  were  successfully  applied.  The  plan 
described  in  the  foregoing  quotation  is  undoubtedly  practical  and  economical,  and  may 
be  applied  at  all  our  rolling-mills  with  much  benefit  to  proprietors  and  puddlers.  There 
are,  however,  several  other  modes,  which  we  will  briefly  describe. 

IMPROVEMENTS  IN  PUDDLING. 

A  few  years  ago,  the  pig  metal  was  always  refined  in  the  finery-furnace  by  the  pneu- 
matic process  before  use  in  the  puddling-furnace.  It  has  been  found  practical  and  more 
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noiiiioiiiirul,  however,  to  deoxidize  the  metal  at  one  process  by  ''boiling**  itintbepod- 
\\Uu^  \t|torutiou.  This  Min^ily  iHiii>ists  iu  the  rapid  ebullition  of  the  gases  produced  by 
tho  miT\»  highly  ^-arUaii^cd  and,  i.'onsO<iuontly,  more  fluid  cast  iron.  The  "bulling" 
(irwcv*  in  m.To  u\lu'U5  uud  laUirkiu:*  than  common  puddling  of  refined  metal,  on 
av'vN-uu:  vi'  cho  :^:irr:r.^  ue\:o^:^ary  to  buru  out  the  larger  amount  of  carbon  in  the  )dg 

^Ir   r.  i"     :  :l..*  P'  viufi:M  In.n-Works,  Tipton,  England,  first  introduced  theboi^Dg 

m         m 

V:  Vi."'"*  \a>"'v:i:  •  m:ov.:c»1  an  improved  process  of  puddling  in  1854,  vhicb  cC'D- 
<<•«  ••  •.>.■  ■.  -.-liji  v.. :'.  :*  A  *n:a'l  quantity  of  Pteam  at  a  luw  pressure  into  the  molten 
■'i.>:i"  ;•  :.«'•  ':Ar'.:\  .^  :r:  furvivV  us  "i^^n  ;is  moltod.  The  steam  has  both  a  moohanical 
1  •  .  •  ■  •■  i'  t.  ■  "  f.  :>:  •?•.:•. :  *  t'irj:  ininMuoed  at  the  l>ottom  of  the  melted  metal, 
»••  *  «  ■■  *  ■•'!..»••  ;.  -1  :•;?■:•  I  r.v  I  :it^U'i»>.l  upwards,  violently  agitating  the  iron  and 
.  V .-.  •-.■  .  >^--.-    :*-.:•.>  1:  *«r:"-:.5  :-.  '.ho  oxygen  passing  through  the  furnace  and 

.■.'■■   •■        '     i"  .  *•■  *     r*! 

•  *  ■       »  ■■    I    I c  '■"■:  *  i  .:.:••.  i<  vy  ziean*  of  a  small  pipe,  bent  at  the  end,  wbich 

.!  .  >»  .  -•  I-. •.*      '     '.■•.."■>;    :"  -a.**::*.:;  d-'^wn  through  the  melted  metal.    Thii 

*•■   ,.     ^.    •     .    V  -  .  ,■  -1  ■.••..■/.  -7.  iir.  i  is  swung  on  a  ball-joint,  which  cumiedf 

**     '   .     .  •     ■    0-..  i-  •         ■  'xi  ■•-  -r  ill  :h .  V- iI-.ts.     The  workman  can  thus  [iem  tie 
V.  -  •  i  r-.     V      ..-    :■•   :.•-  T*:   '."ir'Ji    t  the  furnace.     So  rapid  is  the  nperotion 

'  .^   «    ■    ••:    ■*.    ■.■'.■■i-.t  :•  :.-^  ->■:  '^-.tal,  that  in  the  course  of  eight  or  ten 
.  V*    . .:  -^  -■         i  ■;.  L-  i  :'i-:  :•. oration  is  then  finished  bv  the  "rabble" 
V  •       •: •;  ^  '  •■-     1-  :>:*  «:r:*  I-:  r recess  is  considerable,  and  that  during 
T«  -^i    i ..  "I  a-*  'wr  :-'  i^r  tt-xvs*.     It  is  possible  thii  mode  of  puddling 
V   ■»   M  .•  t.     :■•  ti.fc.-:  ■:■■■-   :.TT2L*fr*y  i-f'«cril»ed,  and  in  c:-cnection  with  the  gai 
. -.  .  ^•.*\.» .  •<  ♦  I  *    M>    '•  •  ■:   -.7  i<:  'It.  >i*^*Ia,  Gormanv.  fr  twentv-four  vean 

•  1     *.;■••>»»  •«  «-n,*.'  ^*2i    :  i:'.-.irC'.r:.r-r  riz  metal  is  the  puddling-fumace 

*■•      V    >.    1    ^-.-.  ;—.»*••   >  ::::•.:!  :h'?  same  a*  i'"?  ?  ^rr. "p.  re verberatory  furnace. 
X  •  ^  f.      •■.-:•'•    i:- :  'hat  the  fireplac*.*  is    r".  :.r\-^i  ^7^  ga«-genoratt:mi 

V  *      ■  %  :.i.j  ::iTe:j  an  intense  h«-at  l-lL  sitts  Co  per  cent,  of  thefnel, 

.«  ■  ■.•%.•■*«•  :-*  ^h  irtoiH'd  tiiid  siniplitii.-]. 

-    .V-    :u.'    ix'arli.inizatinii  is  eflVctod  1  y  :i-  -n-3u.matic  process,  the  air 

..     iK*  inotal  fn)m  each  side  of  the  fun.s.- .  :::  the  same  principle  first 

.    ^^>.^oiiior  converter, — the  char;;^(.\s  bpin;:  a"«  u:  -r>  cwt.  instead  of  4  and 5 

• .iiddling.     Tho  make  is  improved,  while  the  saving  of  metal,  fuel, 

.  •. .   *  \ery  great. 

TUE   MANUFACTURE   OF  STEEL. 

pivKlucod   from   iron,  direct   from   the   ores,   by  extraotinir   a  ]vni«-'n  of 

•  .1  iroiu  cast  iron,  or  by  adding  carbtin  to  malleable  or  bar  iron.  It  is 
*  I  ^-^Hiiitound  of  carbon  and  iron,  as  cast  iron  is;  but  cast  inm  contains  fr-a 
.     iNo  pi-r   cent,  of  carbou,  while   steel    contains   only  fnim  a  half  to  ono  jit 

■i    carlmn.     Tho  best  steel  known  to  the  cutlers  of  England   and   tho  sword- 

...i..  ^'f  l>amascu8  is  produced  ])y  the  wootz  manufacturers  of  India,  whose  o]>on- 

».  liifcM'  i»een  conducted  since  the  days  of  Alexander,  or  perhaps  before  the  birJi  of 

-uil  liiii  ha  made  in  the  Catalan  forge  in  small  quantities,  by  using  loss  ore  and 

»"  i'-  ♦  Inn ill  and  simply  raiding  the  tuyer  to  prevent  tho  blast  from  burning  the  ca^ 

»..n  li.iiii  llio  loup;  but  the  steel  so  produced  is  very  variable:  sometimes  a  blo<'ni  of 
.^i.vdliuii  Bteol  may  be  produced,  but  more  frequently  it  may  contain  too  much  carboQp 
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ind  be  simple  "pot-metal''  or  cast  iron;  or  too  little  carbon,  and,  consequently,  only 
noaght  or  malleable  iron. 

Steel  has  been  produced  as  a  carburet  by  simply  decarbonizing  cast  iron  in  yarious 
wmjB  for  a  long  time.  The  process  of  refining  pig  metal  formerly  in  general  use,  to 
Mrepare  it  for  the  puddling-fumac^  by  blowing  air  into  the  liquid  metal  in  the  "finery- 
nmaee,"  partially  effects  the  decarbonization  of  pig  metal  and  forms  steel  if  continued, 
^t  the  mechauical  arrangement  of  the  finery-furnace,  and  the  action  of  the  air  blow- 
Dg  fiom  the  surface  downwards,  instead  of  from  the  bottom  upwards,  docs  not  admit 
i  eoonomical  or  uniform  results,  since  the  iron  beoomes  oxidized  before  the  whole  is 
nffioiently  decarbonized  to  form  steel. 

A  similar  process,  however,  has  been  long  in  operation  at  the  celebrated  steel  and 
ran  works,  called  Konigshiitte  (king's  forgo),  in  Upper  Silesia,  Germany,  where  ''natu- 
al  steel,"  or  a  carburet,  is  made  direct  from  the  cast  iron  by  means  uf  a  furnace  on 
he  principle  of  the  old  refining  furnace;  but  the  blast  is  supplied  fr(»m  below,  and  the 
dg  metal,  when  melted,  falls  down  through  the  blast  to  the  bottom  of  the  hearth  in  the 
hape  of  steel, — a  process  which  may  be  made  equally  available  with  that  now  so  oele- 
smted  under  the  name  of  the  Bessemer  process ;  and,  as  before  stated,  the  same  use  is 
Bade  of  air  for  the  decarbonization  of  cast  iron  in  the  puddling  process,  except  that  it 
•  blown  into  the  melted  liquid  in  the  latter,  while  the  metal  falls  through  the  blast  in 
he  former. 

Cast  iron  may  be  thoroughly  deoxidized  and  refined  by  falling,  while  in  a  molten 
ondition,  through  a  strong  blast  of  air  and  steam,  the  steam  being  produced  by  jets  of 
rater,  or  by  the  falling  of  the  metal  into  water.  As  shown  in  the  Nasmyth  invention, 
Moribed  in  a  former  page,  steam  is  more  effectual  than  air  in  deoxidizing  cast  iron. 

CONVERSION  OF  BAR  IRON  TO  STEEL. 

As  before  stated,  we  first  deoxidize  and  then  carbonize  iron,  to  convert  it  from  the  ore 
y  the  pig ;  we  then  decarbonize  it  by  oxidization,  to  form  bar  iron ;  and  lastly,  we  car- 
onise  it  again  without  the  aid  of  oxygen,  to  form  the  steel  of  cementation.  This  is 
mly  a  roundabout  way  to  accomplish  that  which  should  and  can  be  done  in  the  first 
zocess  by  the  proper  mechanical  arrangement  This,  however,  has  not  yet  been  done 
1  a  successful  and  economical  manner  within  our  experience.  Nor  do  we  think  it  can 
e  done — except  for  the  production  of  superior  grades  of  steel — ^in  competition  with 
ie  blast-furnace  and  the  new  application  of  air  as  a  decarbonizer,  since  no  mechanical 
rrangement  can  supersede  the  blast-furnace  on  the  score  of  economy,  provided  the 
npTOvements  of  modem  science  and  experience  are  applied  as  they  arise. 

STEEL  OF  CEMENTATION. 

Steel  of  cementation,  or  that  made  from  superior  bars  or  good  soil  iron,  by  the  addi- 
on  of  the  proper  quantity  of  carbon,  is  the  most  uniform  and  best  for  all  the  require- 
lents  of  the  arts  that  has  yet  been  produced,  or  is  likely  to  be  produced  for  some  time 
>  come,  by  any  other  process.  It  has  already  been  superseded,  however,  by  Bessemer 
^1  for  most  common  uses,  in  which  fine  steel  is  not  a  necessity. 

The  best  steel  can  only  be  made  from  the  best  iron,  whether  by  one  process  or 
oother;  but,  in  the  process  of  cementation,  superior  charcoal  iron  must  be  used  ez- 
[fuively  in  order  to  produce  good  steel;  yet  the  best  cast  steel  for  tools, and  cutlery 
umot  be  made  even  from  superior  charcoal  bar  unless  produced  from  peculiar  ores  or 
lixed  with  the  carburet  of  manganese. 

The  steel-manufacturers  of  England  formerly  imported  all  their  bar  iron  from 
weden  or  Russia,  but  they  subsequently  found  the  iron  of  Ulverston,  England,  and 
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of  Madras,  India,  to  be  equal  to  the  best  Swedish  Danemora  iron,  irbich  sold  Mj 
at  £36  per  ton  when  other  brands  of  good  Swedish  charcoal  iron  sold  for  £15  the  too. 

The  black  magnetic  oxide  of  iron  generally  forms  the  best  bar  iron  for  cemeDtatkDf 
but  only  peculiar  kinds  of  this  ore  produce  naturally  the  rare  qualities  of  the  Dine- 
mora  iron.  We  find  this  peculiar  ore  in  several  localities  in  the  United  States,  bat 
always  in  the  vicinity  of  limestone  and  always  accompanied  with  a  small  peroeotige 
of  manganeBC. 

But  in  1839,  Mr.  Josiah  M.  Ileath,  of  England,  obtained  a  patent  for  the  use  of  sitih 
ganese  in  the  production  of  steel.  It  was  found  that  by  the  introduction  of  one  per 
cent,  or  less  of  carburet  of  manganese  into  the  melting-pot  along  with  the  broken  ban 
of  blister  steel,  a  cast  steel  was  obtained,  after  fusion,  of  a  quality  much  superior  to 
that  manufactured  from  common  charcoal  iron  without  the  manganese. 

In  1843,  25,000  tons  of  steel  were  converted  in  England;  and  of  that  quantity  not 
more  than  2500  tons  were  made  from  the  imported  bar.  At  one  time,  70,000  toiu  of 
foreign  bar  iron  were  annually  imported  into  England  for  the  manufacture  of  steel  and 
other  purposes,  for  which  domestic  iron  is  now  almost  exclusively  used;  but  Mr.  Heath's 
invention  enabled  the  steel-makers  of  England  to  produce  good  common  steel  even  fron 
ordinary  coke  iron.  This  invention  has  also  made  the  Bessemer  process  a  practical  in- 
dustry. 

BLISTER  STEEL. 

Blister  steel  is  a  carburet  of  iron  and  the  products  of  the  cementing  furnace.  It  is 
made  by  enclosing  thin  bars  of  wrought  iron  in  an  air-tight  chest  with  powdered  dai- 
coal,  subjected  to  a  strong  heat  for  eight  or  nine  days,  and  then  allowed  to  cool  gradoallT 
for  five  or  six  more.  About  two  tons  of  coal  are  used  to  the  ton  of  blister  steel  [ut^ 
duced,  and  about  the  eame  amount  to  fuse  the  blister  steel  in  crucibles  for  the  sub6^ 
qucnt  production  of  cost  steel. 

SHEER  STEEL 

is  made  by  reheating  the  blister  steel  and  drawing  it  out  under  a  tilt-hammer.  It  loses 
part  of  its  carbon  by  this  process,  and  becomes  softer  and  less  crystalline  in  coo^e- 
quence.  Sheer  steel  is  used  extensively  for  heavy  springs  and  a  great  variety  of  common 
purposes  in  the  arts.  It  is  often  used  in  the  place  of  iron,  since  it  is  worked  with  equal 
facility  by  go<^d  smiths;  while  its  strength,  elasticity,  and  hardness  under  temper,  vhcre 
desired,  renders  it  superior  to  iron  for  most  purposes;  but  the  increase  of  price,  oving 
to  the  greater  cost  of  production  by  the  old  processes,  is  much  against  its  use  generally. 
By  the  pneumatic  process,  however,  steel  having  much  the  same  quality  may  be  made 
cheaper  than  iron. 

CAST  STEEL. 

Cost  steel  is  made  by  melting  blister  steel  in  fire-clay  crucibles;  but,  since  a  portion 
of  the  carbon  is  dissipated  in  the  fusion,  the  steel  used  for  this  purpose  is  more  higblj 
converted,  or  chargod  with  more  carbon  in  the  cementing  furnace,  than  that  which  is 
ifsed  for  other  pur[)Oses ;  but  the  amount  of  carbon  taken  up  by  the  bars  is  never  orer 
one  per  cent.,  and  seldom  more  than  one-half  per  cent.  The  fuel  used  in  the  cast-steel 
furnaces  of  England  is  a  dense,  pure  coke.  When  melted,  the  steel  is  poured  into  cast- 
iron  moulds,  of  such  sizes  and  shapes  as  may  be  desired;  for  ordinary  uses,  hoirerer, 
it  is  drawn  under  the  hammer  to  bar  steel. 
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TBE  UAITUFACTnRfi  OF  STEEL. 


CEMENTING  F(JENACE3. 


W«  do  not  propoM  to  elaborate  the  method  of  producing  steel  bj  tho  old  procesaei, 
bat  aunplj  to  giro  the  chief  pointa,  in  order  to  trace  the  modes  and  means  of  the  munu- 
ketura,  and  to  illustrato  the  new  developments  or  intentions  which  arrive  at  the  desired 
tyeot  directly,  instead  of  indirectly,  as  by  the  old  and  roundabout  process  of  decar- 
onuation  and  recarbooization 


FiQ.  183. 


DESCBIPTION. 

The  fumoce  of  cementation,  in  which  bar  iron  is  converted  into  bar  or  blister  steel,  is 
epruiiiiuted  in  tho  forrguing  tigures.  It  is  gonereilly  rectangular,  and  covered  in  by  a 
toined  or  clalstcr  ari^b;  ic  cuutaina  tvro  cementiDg-clio^Ui,  c,  c,  made  either  of  fire- 
tODO  or  fire-brick;  eai;h  clicst,  or  cementing- trough,  is  about  2 J  feot  wide,  3  feet  deep, 
nd  12  feot  long,  and  cap:iblo  al  cementing  about  six  tons  of  bar  iron  at  each  heat. 
Ido  of  these  cbo^ts  is  placed  on  each  side  of  tho  fire-grate  A  B,  which  occupies  the 
rhole  length  of  the  furnni'e,  unJ  is  frnm  13  t^  14  fret  lonr;.  The  grate  is  14  inches 
load,  and  rests  from  10  to  12  inches  below  the  inferiur  plane  or  bottom-level  of  the 
bwts ;  the  height  of  tho  tup  of  the  arch  above  the  chests  is  5^  feel ;  the  bottom  of  the 
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ohestB  IB  nearly  on  a  level  with  the  ground,  so  that  the  ban  do  not  naad  to  be  HM 
high  in  charging  the  fomaoe. 

The  flame  rises  between  the  two  chests,  passes  also  below  and  aroond  them  timafjli 
the  horizontal  and  vertical  fines  d,  and  issaes  firom  the  fhmaoe  by  an  opening  ^  m  fti 
top  of  the  vault,  and  by  orifices,  t,  which  communicate  widi  the  chimneya  plaieed  in  fti 
angles.  The  whole  is  placed  within  a  large  cone  of  bricks  25  or  30  Ibet  high,  and  ogm 
at  top;  this  cone  increases  the  draft,  makes  it  more  regular,  and  carxiea  off  tiie  wmkB 
firom  the  establishment. 

The  furnace  has  three  doors:  two,  T,  above  the  chests  serve  to  admit  and  remote fti 
bars;  tiiey  are  about  7  or  8  inches  square;  in  each  of  them  a  piece  of  sheet  iron  is  pa^ 
folded  back  on  its  edges,  so  as  to  save  the  wall  in  sliding  the  bars  in  and  out  of  te 
chests. 

A  workman  enters  by  the  middle  door  P  to  arrange  the  bars;  the  trial  bara  axe  takai 
ont  from  time  to  time  throagh  the  apertures  s,  which  are  prepared  for  the  puptMb 
The  bars  are  laid  in  strata  in  the  chests  along  with  powdered  charcoal  made  ftea 
yoong  timber;  these  bars  are  three  inches  broad,  and  one-third  of  an  inch  thick;  ttiy 
must  not  be  allowed  to  touch  each  other,  but  are  separately  imbedded  in  the  dumosl; 
the  uppermost  layer  is  covered  with  a  stratum  of  loamy  matter  from  4  to  5  inohea  HAL 

The  furnace  must  be  heated  gradually,  not  reaching  its  maTimnm  tempezaftoze  befai 
8  or  9  days,  while  the  cooling  lasts  5  or  6  days,  and  the  whole  operation  18  or  20  daja 
About  13  tons  of  coal  are  consumed  in  this  period. 

Many  of  our  old  steel-manufaoturers  make  a  great  mystery  about  the  Mcrek  ia- 
gredients — ashes,  salt,  &c. — ^which  it  was  insisted  must  be  used;  bat  the  bcMrt  ateal  en 
be  made  without  them  as  well  as  with  them. 

THE  PNEUMATIC  PROCESS. 

Steel  has  been  made  by  this  process  in  (Germany  for  a  long  period,  while  it  has  ft^ 
quently  been  produced,  both  by  accident  and  design,  direct  from  the  ore,  by  uaing  mm 
or  less  air  in  the  operation  of  smelting,  and  more  or  less  carbon  (coal)  in  the  convenua 
from  ore  to  metal. 

The  most  economical  and  practical  application  of  oxygen  for  the  decarbonixatioa  d 
cast  iron  is  when  the  metal  is  fluid  and  direct  from  the  blast-furnace.  It  can  then  bl 
changed  from  a  carburet  to  a  soft  iron  by  the  process  of  oxidisation,  or  by  burning  oit 
the  carbon  by  passing  air  through  the  fluid  mass  at  high-pressure.  This  process  is  thi 
same  in  effect  as  that  which  is  produced  in  the  puddling-frimace  with  so  much  mm 
labor  and  cost.  By  that  process,  however,  the  pig  metal  is  remelted  (as  it  is  frequeotif ' 
done  in  this)  and  the  fluid  mass  is  exposed  to  currents  of  flame  and  ur  passing  over  thi 
surface  by  constant  stirring,  as  formerly  described.  By  the  pneumatic  process  the  Mr 
IS  blown  with  great  force  up  through  the  molten  metal,  and,  of  course,  aocomplishei 
the  same  object  more  completely  and  with  much  greater  economy. 

The  great  difficulty  has  been  in  the  mechanical  appliances  for  effecting  this  purpose 
and  the  experience  required  for  the  proper  regulation  of  the  blast,  the  time  of  deoxidi- 
sation,  and  the  improvement  of  the  products  by  the  requisite  admixtore  of  maQgaiiesib 
which  is  a  necessity,  for  the  production  of  good  iron  or  steel. 

A  great  many  patents  have  been  obtained  in  this  country  and  Europe  for  the  emplay- 
ment  of  air,  steam,  or  gas  in  the  dooxidization  of  cost  iron.  But  we  do  not  think 
any  patent  can  cover  a  process  which  has  been  in  use  for  ages.  The  mechaniesl 
means,  however,  of  applying  air  to  this  purpose  is  open  to  competition,  and  always  has 
been. 

Henry  Bessemer,  of  England,  has  been  the  most  successful  in  this  applieation,  ani 
deserves  great  credit  for  the  practical  manner  in  which  he  has  aocompiiBhed  the  giMft 
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■Vfolntion  in  the  mannfaoture  and  use  of  steel  now  going  on,  by  which  it  may  become 
J008  TBluable  than  pure  iron  in  regard  to  cost. 

THE  BESSEMER  AND   KELLY  PATENTS. 

The  Bessemer  patent  for  the  United  States  was  issued  November  11,  1856 ;  but  on 
» trial  of  interference  at  our  Patent  Office,  between  Mr.  Bessemer  and  William  Kelly, 
f  Eddyyille,  Kentucky,  it  was  decided  that  Mr,  Kelly  wcis  the  prior  inventor,  and  a 
Atent  was  accordingly  issued  to  him  on  the  20th  of  January,  1857. 

Messrs.  Winslow,  Griswold  &  Holly,  of  Troy,  New  York,  have  obtained  rights 
nder  Mr.  Bessemer's  patents  for  the  United  States ;  while  the  Wyandotte  Steel  Com- 
■ny  of  Detroit,  Michigan,  are  operating  under  the  Kelly  patent.  Between  these 
■rties,  or  rather  between  Mr.  Bessemer  and  Mr.  Kelly,  an  important  law-suit  is  now 
ending,  which  will  determine  the  priority  and  relative  rights  of  the  patentees,  and 
earhftps  fix  the  tithe  or  tribute  which  our  steel-manufacturers  must  pay  to  England  for 
!•  next  generation. 

It  is  now  nearly  ten  years  since  we  first  saw  Mr.  Kelly's  process  tried,  and  it  was 
len  acknowledged  practical  and  valuable ;  but  the  uncertainty  of  the  manufacturing 
itefeets,  and  the  slight  encouragement  given  to  our  iron-industry,  had,  and  has,  so 
nished  its  spirit  of  enterprise  that  but  few  of  our  iron-masters  are  willing  to  risk  the 
qMnse  of  adopting  new  improvements,  and  none  that  oared  to  experiment  with  new 
iventions  until  they  are  forced  to,  as  in  the  present  instance,  by  the  developments 
'Inch  invention  and  improvement  have  made  in  England. 

We'  must  either  stop  manufacturing  steel  or  follow  her  example,  and  even  then  we 
innot  make  steel  in  competition  with  her  cheap  labor,  perfected  improvements,  and 
lit  capital.  Nothing  will  avail  us  but  the  protection  afforded  by  war  or  tariffs;  and  no 
msible  man  will  court  the  former  when  Ihe  latter  is  so  much  more  available,  econo- 
ueal,  and  safe ;  but  better  the  former  than  no  protection  to  our  industry. 

The  following  letter  from  the  Superintendent  of  the  Wyandotte  Company  of  Detroit, 
1  relation  to  the  manufacture  of  steel  by  the  Kelly  process,  under  rights  granted  by 
or  Patent  Office,  after  a  full  consideration  of  the  priority  of  invention  and  relative 
[aims  of  both  Kelly  and  Bessemer,  demonstrates  practically  that  we  are  under  no  obli- 
ftlion  to  swell  the  tast  revenues  of  Bessemer  or  pay  tribute  to  England.  The  inven- 
km.  of  Josiah  M.  Heath  made  the  pneumatio  process  practical,  and  is  really  the  only 
riginal  and  scientific  part  of  the  invention:  the  subsequent  operations  are  merely 
lechanioal,  and  there  are  many  ways  of  accomplishing  the  object  But  Bessemer 
BJ8  no  royalty  to  the  heirs  of  the  unfortunate  Heath.  The  steel-manufaoturers  of 
lieffield  pirated  his  patent  rights,  and,  though  they  made  forty  per  cent,  by  the  ope- 
fttion,  they  confederated  for  the  purpose  of  defrauding  the  truly  worthy  inventor ;  and 
lioogh  England  has  saved  many  millions  of  pounds  per  annum  by  this  original  inven- 
ion,  she  gave  no  reward  to  the  man  wfio  rendered  her  so  important  and  valuable  a 
Brrice,  and  has  turned  a  deaf  ear  to  the  prayers  of  his  family. 

The  researches  and  inventions  of  the  scientific  and  able  Mushet  have  also  rendered 
reat  and  important  service  to  the  pneumatio  process  now  known  in  England  as  the 
Bessemer, '^  by  his  experiments  to  ascertain  the  proper  alloys  and  combination  of 
ther  metals  with  iron  to  give  it  the  necessary  quality  for  the  production  of  steel.  But 
[r.  BeeAmer  entirely  ignores  the  claims  of  Mushet,  and  treats  him  as  his  predecessors 
reated  Heath. 
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LETTER   FROM   ROBERT  W.  HUNT,  OF  THE  WYANDOTTE  STEEL-WORKS, 

DETROIT,  MICHIGAN. 

"  Wtaxdotte,  Michigan,  October  27, 1865. 
"  BrRD  Patterson',  Esq.,  Pottsville,  Pa. 

"Yesterday  I  received  a  letter  from  Mr.  E.  Y'ardley,  in  which  he  tells  xnc  you  aw 
much  interested  in  the  pneumatic  process  of  making  steel,  and  desires  me  to  write  yon 
on  the  suhjcct. 

"  I  do  this  with  much  pleasure,  and  regret  that  I  am  compelled  to  be  somewhat  re- 
strained and  guarded  in  my  statements. 

"But  an  important  suit  is  about  taking  place  in  regard  to  the  different  claims  of 
patents  on  the  process,  and,  as  the  parties  by  whom  I  am  now  cmploye<i  are  largelj 
interested,  I  am  not  at  liberty  to  write  as  freely  as  I  should  like.  Kelly  of  America 
and  Bessemer  of  England  both  have  patents  on  the  process  in  this  country.  The  works 
at  this  place  are  carried  on  under  Kelly's  license ;  while  the  establishment  of  Messn 
Winslow,  Griswold  &  Holly,  at  Troy,  N.  Y.,  is  conducted  under  rights  purchased  frcn 
Bessemer.     AYhich  of  the  two  has  the  best  claim,  time  must  decide. 

"At  these  works  we  have  one  thfec-ton  converter,  which  has  been  in  use  about  a 
year :  and  wo  are  now  putting  up  another  of  like  size, 

"  Since  I  have  had  charge  of  the  works  I  have  taken  the  metal  direct  from  the  Wilt- 
fiimace,  the  converter  being  in  the  furnace-casting  house.  We  run  the  iron  intoalaijge 
ladle,  and,  after  weighing,  hoist  it  with  rotary  engines  and  pour  into  the  converter.  Tin 
blast  is  then  turned  on,  and  kept  at  a  pressure  of  about  15  pounds  and  a  Telocity  of  300 
cubic  feet  per  minute.  This  blowing  is  continued  until  the  carbon  is  burned  out  of  tbe 
iron, — the  length  of  time  required  being  governed  by  the  grade  of  iron  treated,  aai 
ranging  from  18  to  36  minutes,  when  a  certain  proportion  of  melted  Franklinite  fig 
from  New  Jersey  is  run  into  the  converter  and  mixed  with  the  decarbonixed  metiL 
This  gives  it  the  right  proportion  of  carbon  and  manganese.  This  part  of  the  prooeM 
was  invented  by  Mushet  of  England.  After  mixing  the  two  metals,  the  contents  of  the 
converter  arc  poured  into  a  ladle,  from  which  it  is  tipped  into  cast-iron  ingot-mooldji, 
from  which  the  steel  is  removed  when  cold  and  is  ready  to  be  forged.  By  using  the 
metal  direct  from  the  blast-furnace  I  save  the  fuel  necessary  for  remelting  the  iron,  and 
the  waste  incident  in  that  process,  while  I  am  able  to  produce  just  as  fine  a  quality  of 
steel  as  is  made  at  any  other  pneumatic  works.  I  am  sorry  that  the  distance  prevents 
my  sending  you  some  specimens  of  the  steel :  it  is  very  peculiar  in  its  character,  and 
for  very  many  purposes  is  very  valuable.  While  it  will  weld  firmly  at  a  sand  heat,  it 
will  take  a  good  temper ;  it  is  very  strong  and  stiff,  while  it  will  bend  double  \{  hen  cold 
without  showing  a  flaw.  This  fits  it  for  all  kinds  of  machinery  where  strength  is  re- 
quired ;  and  the  fact  that  you  obtain  work  yrithout  any  welds  renders  it  much  safer 
and  lasting.  Its  being  so  much  stronger  than  iron  will  allow  it  to  be  rolled  into  bwk^ 
plate  that  is  much  thinner  than  ordinary,  and  thus  save  in  weight  and  fuel. 

"The  selling  price  in  England  is  three  times  that  of  the  same  articles  in  iron:  at 
least,  this  is  so  to  the  best  of  my  information.  Our  works  are  not  running  just  now.  as 
I  stopped  on  last  Monday  for  the  purpose  of  pushing  ahead  the  addition  and  improve- 
ments, which  I  hope  to  have  finished  about  the  1st  of  December.  ^ 

"  Wo  have  one  of  McKenzie's  cupolas,  m  which  we  can  melt  iron  for  thF  procea 
when  tho  blast-furnace  is  not  working  well  or  when  we  wish  to  use  a  different  grade  of 
iron  from  that  matie  here. 

"  This  is  an  Americanism,  and  wa«  first  tried  at  these  works  in  last  June. 

"  The  Troy  manufacturers  have  f^luce  adopted  the  same  plan. 
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In  England  they  nse  revcrberatory  famaces  which  reqaire  alxmt  one  ponnd  of  ooal 
t»  two  of  iron.     In  the  cupola  one  pound  of  coal  will  melt  from  eight  to  ten  of  iron. 

"  In  my  opinion,  this  process  is  certain  to  be  largely  introduced  in  this  country,  and 
"wfaile  the  dispute  about  the  patents  may  retard  its  development,  it  will  take  place  sooner 
or  later.  Very  many  of  our  irons  are  fitted  for  the  process.  The  kind  we  use  is  Lake 
Superior  charcoal.  Any  further  information  which  I  can  give  you  will  be  most  happily 
zendered.    I  remain 

"  Yours,  truly, 

"  Robert  W.  Hunt." 


THE  PNEUMATIC  PROCESS   OF  MANUFACTURING  STEEL  AND  MALLE.VBLE 
IRON   BY   THE   BESSEMER  PATENT   IN  ENGLAND. 

The  following  extracts  from  a  paper  recently  read  before  the  Mechanical  Section  of 
liie  British  As<?ociation  by  Henry  Bessemer,  on  his  process  of  manufacturing  steel,  will 
iUastrate  the  subject  fully,  and  present  to  our  readers  a  clear  exposition  of  the  me- 
chanical means  now  employed  and  the  mechanical  difficulties  through  which  they  were 
obtained : — 

"On  the  13th  of  August,  1856,  the  author  had  the  honor  of  reading  a  paper  before 
the  Mechanical  Section  of  the  British  Association  at  Cheltenham.  This  paper,  entitled 
*The  Manufacture  of  Malleable  Iron  and  Steel  without  Fuel,'  was  the  first  account  that 
appeared  shadowing  forth  the  important  manufacture  now  generally  known  as  the 
Bessemer  process. 

**It  was  only  through  the  earnest  solicitation  of  Mr.  George  Rennie.  the  then  Presi- 
dent of  the  Mechanical  Section  of  this  Association,  that  the  invention  was,  at  that 
early  stage  of  its  development,  thus  prominently  brought  forward;  and  when  the 
author  reflects  on  the  amount  of  labor  and  the  expenditure  of  time  and  money  that 
were  found  to  be  still  necessary  before  any  commercial  results  from  the  working  of  the 
process  were  obtained,  he  has  no  doubt  whatever  but  that,  if  the  paper  at  Cheltenham 
had  not  then  been  read,  the  important  system  of  manufacture  to  which  it  gave  rise 
would  to  this  hour  have  been  wholly  unknown. 

"The  diagram  shows  in  section  the  original  fixed  converting-vessel,  as  patented 
and  erected  in  London  for  experimental  purposes  in  1856.  It  will  be  observed  that  the 
tnyers  were  passed  through  the  sides  of  the  vessel  in  a  horizontal  direction ;  the  result 
was  that  the  blast  of  air  entered  only  a  short  distance  into  the  fluid  mass,  and  much  of 
it  escaped  upwards  between  the  sides  of  the  vessel  and  the  metal.  The  effect  of  this 
was  the  rapid  destruction  of  the  brick  lining,  caused  by  the  excessive  temperature 
generated  in  the  process  and  the  solvent  property  of  the  resulting  silcate  of  protoxide 
of  iron,  which  sometimes  destroyed  a  lining  of  half  a  brick  in  thickness  during  the 
blowing  of  two  charges  of  metal  for  about  twenty  minutes  each.  Another  difficulty 
arose  from  the  impossibility  of  stopping  the  process  without  running  out  the  metal ;  for 
if  the  blowing  ceased  for  one  instant  the  fluid  metal  would  run  into  the  tuyers  and 
stop  them  up. 

"A  great  inconvenience  of  the  fixed  vessel  also  arose  from  the  danger  and  difficulty 
in  tapping  out  the  fiuid  malleable  iron  with  a  bar,  after  the  manner  of  tapping  an  ordi- 
nary cupola-fumaco;  for  the  blast  had  to  be  continued  during  the  whole  time  the 
charge  whs  running  out  of  the  vessel,  in  order  to  prevent  the  remaining  portions  from 
entering  the  tuyers.  A  similar  difficulty  arose  while  running  in  the  crude  metal  from 
the  melting-furnace,  since  it  was  necessary  to  turn  out  the  blast  before  any  metal  was 
run  into  the  vessel:  the  first  portions  so  run  in  were,  in  consequence,  partially  decar- 
bonised before  the  whole  of  the  crude  metal  had  left  the  melting-furnace. 

'*  These  were  among  the  more  prominent  difficulties  that  had  to  be  remedied.    It  is, 
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however,  satinfactory  to  know  that  eren  in  this  its  tn£uit  state  the  proeefls  and  afpi- 
ratoa  were  practically  Bucceraful,  in  proof  of  which  there  is  placed  upon  the  table  fnt 
of  a  malleable  iron  railway-bar  made  from  pig  iron,  at  Baxter  Hoaee,  by  blowing  ur 
through  it  in  the  apparatus  just  described,  the  fluid  malleable  iron  having  been m 
into  a  10-inch-square  ingot-mould  and  the  bloom  so  made  rolled  direct  into  the  bar 
shown.  The  small  malleable  iron  forged  gun  will  serre  as  an  example  of  the  deu*- 
ness  and  freedom  from  cracks  or  flaws  in  malleable  iron  so  made  and  forged  under  the 
steam-hammer.  It  is  one  of  the  early  productions  of  the  process,  and,  like  the  mil- 
leable  iron  rail,  was  made  wholly  without  any  recarbonizing  of  the  metal  or  the  em- 
ployment of  spiegeleisen  or  manganese  in  any  form  whatever.  Malleable  iron  so  made 
from  hematite  pig  iron  is  red  short,  like  all  other  wrought  iron  made  wholly  from 
hematite ;  but  that  it  is  perfectly  malleable  and  extremely  tough  when  cold  may  be 
seen  on  examination  of  the  iron  rope  exhibited,  which  conssts  of  four  rods  of  l^inch 
round  iron  twisted  cold  into  a  close  coil.  These  bars  extended  13  inches  in  length  in  4 
feet,  and  were  reduced  nearly  i  inch  in  diameter  in  the  operation  of  twisting,  flm 
showing  that  malleable  iron  so  made  possesses  an  extraordinary  degree  of  ductility. 

**  It  may  be  remembered  that  an  important  part  of  the  process,  as  described  at  Cbel* 
tenham  in  1856,  consisted  in  tapping  the  fluid  crude  iron  from  the  blast-furnace,  and 
allowing  it  to  flow  direct  into  the  converting-vessel  and  be  there  blown  to  the  extent 
only  of  decarbonizing  it  so  far  as  to  produce  cast  steel.  This  part  of  the  original  pnh 
gramme  has  been  most  successfully  carried  out  in  Sweden,  where  an  extensive  9i/tt 
blishment  for  iis  manufacture  has  been  erected  by  M.  Goranson,  of  Gefle.  The  laige 
steel  circular  saw  plate  exhibited  is  an  example  of  the  conversion  of  crude  cast  iron  m 
direct  from  the  blast-furnace  into  the  converting-vessel  and  there  blown  for  nine  minutes, 
in  which  period  it  had  been  converted  into  cast  steel  of  the  desired  quality,  and  vai 
then  poured  into  an  ingot-mould  without  being  recarbonixed,  and  wholly  withoatthe 
employment  of  spiegeleisen  or  manganese  in  any  form  whatever.* 

"With  these  few  illustrations  of  the  capabilities  of  the  process,  as  originally  de- 
scribed at  Cheltenham,  the  author  will  proceed  to  show  how  the  disadvantages  of  Ibe 
old  fixed  converting-vessel  were  remedied  and  other  improvements  introduced.    Kaiij 
forms  of  converting-vessels  were  tried  on  the  large  scale  before  this  desirable  object 
was  attained.     In  some  of  them  the  lining  was  too  easily  broken  down  by  the  vi<^ent 
motion  of  so  heavy  a  fluid  as  iron ;  in  some  of  the  forms  tried  the  angles  allowed  tbe 
metal  to  solidify  in  them,  and  so  clog  up  the  vessel ;  in  others  the  mouth  of  the  TfW^ 
being  too  small  caused  the  metal  to  be  thrown  out  by  the  force  of  the  escaping  blaxt. 
It  was  also  found  that  if  the  mouth  was  too  large  the  heat  escaped,  so  as  to  cause  part 
of  the  converted  metal  to  solidify  in  the  vessel ;  the  relative  height  and  diameter  of  ^ 
vessel  was  also  found  to  produce  important  differences  in  the  working  of  the  prooetf. 
Finally,  and  afler  many  long  and  oxpennve  trials,  the  form  of  vessel  shown  at  B  iras 
adopted.    (See  figure  185.)    This  vessel  is  made  in  two  parts,  so  as  to  admit  esdly 
of  its  being  lined  up  with  a  pulverized  silicions  stone  known  as  'ganister,'  which  »  • 
resists  the  action  of  the  heat  and  slags  as  to  last  for  fully  100  consecative  charges  d 
steel  before  it  is  worn  out.    Its  form  is  that  of  the  arch  in  every  position  which  pI^ 
vents  the  lining  from  falling  down  by  its  own  weight    There  are  no  angles  in  whidi 
the  splashes  of  metal  can  solidify  and  accumulate.    Its  mouth  directs  the  flame  and 
sparks  away  from  the  workman,  and  from  the  moulds  and  other  apparatus ;  while  tbe 
throat  of  the  vessel,  and  the  position  of  the  mouth,  almost  entirely  prevents  the  throw- 
ing out  of  the  metal.    The  vessel  is  mounted  on  trunnions  supported  on  stout  pedestdi^ 
so  that  a  semi-rotary  motion  may  be  communicated  to  it  at  pleasure.    The  tuyers  tre 
placed  at  the  bottom  of  the  vessel,  so  as  to  force  the  air  vertically  upward  throagh  tfas 
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M  riiotm,  without  coming  in  contaot  with  the  eides  of  the  Tosael.  When  the 
Bmde  metal  is  to  be  run  into  the  vessel,  it  is  turned  on  its  axis  nearly  into  the  position 
iliown  at  C,  the  mouth  being  a  little  higher  up;  a  gutter  will  then  conduct  the  crude 
aart  iron  from  the  melting-furnace  into  it  It  is  not  necessary  to  turn  on  the  blast 
intil  the  whole  of  the  metal  is  run  in,  because  the  tuycrs  occupy  a  position  above  the 
.erel  of  it.  As  soon  as  the  air  is  admitted  through  the  tuyers  the  vessel  is  turned  into 
hm  potttion  shown  at  B,  when  its  deearbonization  immediately  commences.  As  soon 
IS  this  is  effected,  as  much  molten  pig  iron  made  from  spathose  iron  ore  is  added  to  it 
m  ^rili  restore  the  quantity  of  carbon  necessary  to  produce  the  desired  quality  of  steel, 
rhich  is  then  run  into  tho  costing-ladle  in  the  manner  shown,  and  from  whence  it  is 
zmiLBferred  to  a  series  of  iron  moulds  ranged  in  a  semicircular  pit,  each  mould  being 
placed  within  the  sweep  of  the  casting-crane.  The  filling  of  these  moulds  is  regulated 
>j  a  oone-valve  made  of  fireclay  and  fitted  in  the  bottom  of  tho  casting-ladle,  so  as  to 
w  opened  or  shut  at  pleasure  by  means  of  a  handle  on  the  outside  of  the  ladle. 

*'  'It  will  be  readily  understood  that  in  tho  fixed  vessel  first  described,  any  giving  way 
if  a  fire-clay  tuyer  would  stop  the  process  and  cause  much  inconvenience;  but  with 
lie  movable  vessel  it  is  not  so,  for  at  any  moment  of  time  during  the  process  the  vessel 
naj  be  turned  on  its  axis  and  the  tuyers  raised  above  the  level  of  tho  metal;  the  blast 
nay  then  be  turned  off,  the  tuyer- box  opened,  and  the  faulty  tuyer  stopped  up  or 
mnoved,  after  which  tho  process  may  be  again  resumed.  The  movement  of  the  vessel 
n  its  axis,  the  rise  and  fall  of  tho  casting-crane,  and  the  other  cranes  employed  for 
•moving  ingots  from  the  casting-pit,  are  all  effected  by  a  simple  hydraulic  apparatus, 
o  that  the  whole  process  is  under  the  perfect  control  of  a  single  operator,  placed  far 
Lway  from  the  heat  and  showers  of  splashes  that  accompany  the  process. 

«*  *  Up  to  this  period,  the  manufacture  of  cast  steel  by  the  old  as  well  as  the  new  pro- 
$eas  ifl  still  so  far  imperfect  that  steel  of  the  highest  quality  cannot  be  made  from  infe- 
ior  iron.  In  the  old  Sheffield  process,  the  original  quality  of  the  Swedish  charcoal  iron 
mplojed  governs  the  quality  of  the  cast  steel  made:  consequently,  £36  per  ton  is 
reelj  given  for  the  high-class  Dancmora  iron,  while  other  brands  of  Swedish  char- 
toal  iron  may  be  bought  for  jC15.  In  either  case,  these  are  expensive  raw  materials  for 
h»  cast-steel  maker. 

**  'In  1839,  the  trade  of  Sheffield  received  an  enormous  impulse  from  the  invention  of 
fosiah  Marshall  Heath,  who  patented  in  this  country  the  employment  of  metallic  man- 
lanese,  or,  as  he  called  it,  **  carburet  of  manganese."  The  addition  of  a  small  quantity 
of  this  metal,  say  from  one-half  to  one  per  cent.,  rendered  the  inferior  coke-made  irons 
of  this  country  available  for  making  cast  steel;  it  removed  from  these  inferior  qualities 
of  iron  their  red-shortness,  and  conferred  on  the  cast  steel  so  made  the  property  of 
welding  and  working  soundly  under  tho  hammer. 

"  'Manganese  baa  now  been  used  for  many  years  in  every  cast-steel  works  in  Europe. 
Il  matters  not  how  cast  steel  is  made,  since  manganese  added  to  it  necessarily  produces 
the  same  beneficial  changes.  No  one  better  appreciated  this  fact  than  the  unfi)rtunate 
Hf .  Heath,  as  evidenced  by  his  patent  of  1839,  in  which  he  declares  that  his  invention 
consists  in  ''the  use  of  carburet  of  manganese  in  any  process  whereby  iron  is  converted 
into  oast  steel.''  Hod  Heath  seen  in  his  own  day  the  Bessemer  process  in  operation,  he 
ooald  not  have  said  more :  he  well  knew  the  effect  produced  by  manganese  on  steel,  and, 
therefore,  claimed  its  employment  in  any  process  whereby  iron  is  converted  into  cast 
steel. 

"  'In  the  Mining  Journal  of  September  24,  1853,  just  four  years  before  the  first  of 
Mr.  Mushet's  series  of  patents,  a  letter  was  published  on  the  sulgcot  of  Heath's  inven- 
tion. The  writer  of  that  letter  says,  "I  am  a  steel-maker,  and  deny  that  steel  was 
ever  made  with  the  addition  of  carbon  and  manganese,  or  carburet  of  manganese,  pre- 
viously to  Heath^s  invention,  and  I  confidently  assert  that  no  cast-steel  maker  can  now 
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emy  on  hia  bminess  to  profit  withont  the  aid  of  carburet  rf mrnngMHWn."  **Thmvt!' 
he  says,  "a  handred  metliods  of  improving  steel  with  mang^neeet  bat  they  all  mb« 
the  same  principle.  Put  carbon  and  manganese  into  the  stedrpot  in  any  htm  job 
please  and  at  any  time  you  like,  and,  if  the  steel  be  thorooghly  melted,  the  cartmistrf 
manganese  melts  also  and  is  alloyed,  and  the  improvement  is  unerringly  effected,  tad 
by  the  use,  in  every  instance,  of  carburet  of  manganese.'' 

*'  At  the  suggestion  of  the  author,  a  works  for  the  production  of  manganeie  aUoji 
was  erected  by  Mr.  Henderson,  at  Glasgow,  who  now  makes  a  very  pure  alloy  of  ira 
and  manganese,  containing  from  twenty-five  to  thirty  per  cent,  of  the  latter  metil,  nd 
possessing  many  advantages  over  spiegeleisen,  which  it  vrill  doubtless  replace.  Two 
bright  rods  of  1}  inch  diameter  will  be  found  on  the  table:  they  were  folded  up  eoU 
under  the  hammer.  This  extremely  tough  metal  is  made  by  using  Mr.  Hendenos'i 
alloy  in  lieu  of  spiegeleisen,  which  is  incapable  of  making  steel  of  such  a  quality. 

'*  'A  Prussian  gentleman,  M.  Preiger,  has  been  also  successful  in  manufacturing  soev 
Alloy,  which  he  calls  ferro  manganese,  consisting  of  sixty  to  eighty  per  cent,  of  metiUie 
manganese.  It  is  extremely  useful  in  making  malleable  iron  by  the  Bessemer  proeco, 
in  which  spiegeleisen  cannot  be  employed  on  account  of  the  large  proportion  of  etita 
it  contains. 

'* '  It  is  supposed  that  there  is  not  one  spot  on  any  railway  in  Europe  where  the  iDOiit 
of  traffic  equals  that  at  the  Chalk-farm  bridge  at  Camden  Town.  At  this  spot  theieiii 
narrow  throat  in  the  line,  from  which  converges  the  whole  system  of  rails  employed  oi 
the  London  termini  of  this  great  railway.*  Here  all  passengers,  goods,  and  ooal-tafe 
have  to  pass;  here,  also,  the  making-up  of  trains  and  shunting  of  carriages  ii  cqb- 
tinually  going  on.  At  this  particular  spot  two  steel  rails  were  fixed  on  May  2,  IBS^m 
one  side  of  the  line,  and  two  new  iron  ruls  were  on  the  same  day  placed  precise^  opps- 
ttte  to  them,  so  that  no  engine  or  carriage  could  pass  over  the  iron  rails  without  psMg 
over  the  steel  ones  also.  When  the  iron  rails  became  too  much  worn  to  be  any  kigs 
safe  for  the  passage  of  trains,  they  were  turned  the  other  vray  upwards,  and  when  the 
second  side  of  the  iron  rails  was  worn  as  far  as  the  safety  of  the  traflic  would  dkv, 
the  worn-out  rail  was  replaced  by  a  new  iron  one, — the  same  process  being  repealed  m 
often  as  was  found  necessary.  Thus  we  find,  at  the  date  of  the  last  report  on  Msicfc  1| 
1865,  that  seven  rails  had  been  entirely  worn  out  on  both  faces.  Since  then,  anodier 
rail  has  been  worn  out  up  to  July. 

"  'In  conclusion,  it  may  be  remarked  that  cast  steel  is  now  bdng  used  as  a  sabitititB 
for  iron  to  a  great  and  rapidly  increasing  extent. 

'*  'The  jury  reports  of  the  International  Exhibition  of  1851  show  that  the  entinpto* 
duction  of  steel  of  all  kinds  in  Sheffield  was,  at  that  period,  35,000  tons  annuallj,  of 
which  about  18,000  tons  were  cast  steel,— equal  to  346  tons  per  week ;  the  few  olb« 
small  cast-steel  works  in  the  country  would  probably  bring  up  this  quantity  to  400  ioM 
per  week  as  the  entire  production  of  cast  steel  in  Great  Britain.  The  jury  report  ibo 
states  that  an  ingot  of  steel,  call^  the  "  monster  ingot,"  weighing  24  owl,  wu  ei- 
hibited  by  Messrs.  Turton,  and  vras  supposed  to  be  the  largest  mass  of  steel  nsn- 
factured  in  England.  Since  that  date  a  great  change  has  been  made ;  for  the  largHt 
Bessemer  apparatus  at  present  erected  at  Sheffield,  at  the  works  of  Messrs.  John  Biowa 
&  Co.,  is  capable  of  producing  vrith  ease  every  four  hours  a  mass  of  cast  steel  wei^uiK 
24  tons,  being  twenty  times  larger  than  the  "  monster  ingot"  of  1851.t 

**  'There  are  now  seventeen  extensive  Bessemer  steel-works  in  "Great  Britain.  Attti 
worksof  the  Barrow  Steel  Company  1200  tons  per  week  of  finished  steel  can  easily  be  tvned 
out,  and  when  their  new  converting-house,  containing  twelve  more  five-Ion  oonv«tei%^ 

•  London  k  Nortbwertern  lUOwaj. 
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lompleted,  these  magnificent  works  will  be  capable  of  prodaoing  weekly  from  2000  to 
S400  tons  of  cast  steel.  There  are  at  present  erected  and  in  course  of  erection  in  England 
ID  less  than  sixty  converting-vessels,  each  capable  of  producing  from  three  to  ten  tons 
it  a  single  charge.  When  in  regular  operation,  these  vessels  are  capable  of  producing 
ally  6000  tons  of  steel  weekly,  or  equal  to  fifteen  times  the  entire  production  of  cast 
teel  in  Great  Britain  before  the  introduction  of  the  Bessemer  procces.  The  average 
elling  price  of  this  steel  is  at  least  £20  per  ton  below  the  average  price  at  which  cast 
toel  was  sold  at  the  period  mentioned.  With  the  present  means  of  production,  there- 
are,  a  saving  of  no  less  than  £6,240,000  per  annum  may  be  effected  in  Great  Britain 
lone,  even  in  this  infant  state  of  the  Bessemer  steel  manufacture.'  '* — London  Engineer^ 
leptember  15. 

THE  MACHINERY  REQUIRED  BT  THE  BESSEMER  PROCESS. 

The  Bessemer  process  is  exceedingly  simple.  The  whole  process  rests  upon  the  action 
rliich  a  strong  current  of  air  exerts  upon  the  elements  with  which  it  meets  when  forced 
iirough  a  mass  of  melted  pig  iron.  The  stirring  and  combustion  which  it  produces 
raasform  certain  qualities  of  cast  iron  into  a  malleable  metal  that  may  be  wrought 
ke  cast  steel.  The  Bessemer  process  is,  therefore,  a  method  of  refining.  The  opera- 
ion  is  performed  in  a  large  egg-shaped  vessel ;  the  cast  iron  is  poured  in  in  a  liquid  con- 
ition,  and  then  the  air  is  forced  beneath  it  at  a  high  pressure.  The  metallic  mass  re- 
lains  fluid  while  the  air  acts  upon  it.  The  resulting  malleable  product  is  obtained  in 
BSiain  cases  by  stopping  the  air  while  the  process  is  yet  incomplete,  or,  more  generally, 
J  prolonging  its  action  until  the  iron  is  converted  into  a  sort  of  burned  or  over-refined 
uu8y  and  then  transforming  this  product  immediately  into  a  malleable  metal  by  means 
r  the  simple  addition  of  a  crystalline  and  steely  iron.  The  process  was  at  first  carried 
a  in  a  sort  of  fixed  cupola-furnace,  into  which  air  was  driven  by  tuyers  passing 
irOQgh  the  bottom;  but  on  account  of  the  trouble  caused  by  the  tuyers  clogging, 
DOther  arrangement  was  substituted,  where  the  vessel  in  which  the  process  is  executed 
\  called  the  converter ^  and  is  a  movable  egg-shaped  pot,  with  a  short  neck.  It  is  made 
r  plates  of  iron  riveted  together,  and  protected  inside  with  a  sheeting  of  refractory  clay, 
2  inches  in  thickness.  At  about  the  height  of  its  centre  of  gravity  this  vessel  is  sue- 
ended  upon  two  trunnions,  to  which  are  geared  wheels  that  enable  the  apparatus  to  be 
imed  by  hand  or  by  machinery  on  a  horizontal  axis.  An  air-box  which  occupies  the 
vwer  part  of  this  converter  communicates  with  the  interior  by  means  of  a  number  of 
nail  holes  passing  throii^h  the  fire-brick  bottom.  The  air  passes  from  the  blowing- 
Bipmes  through  a  hollow  trunnion,  thence  into  the  bottom  of  the  converter,  and  may 
D  thrown  in  small  jets  into  its  interior,  no  matter  in  what  position  the  vessel  may  be 
imed.  The  capacity  of  the  converter  is  usually  from  five  to  six  times  the  amount  of 
le  cast  iron  to  be  treated.  The  throat  should  be  large  enough  to  let  out  the  gases  when 
le  process  is  in  operation,  and  to  enable  the  fluid  metal  to  be  poured  in  and  out  without 
anger  of  obstruction.  During  the  operation  of  converting,  the  mouth  of  the  converter 
aeses  under  a  hood  of  sheet  iron,  which  carries  the  fumes  to  a  chimney.  When  the 
peration  is  terminated,  the  converter  is  turned  over,  and  all  the  metal  it  contains  is 
oared  into  a  ladle,  at  the  bottom  of  which  is  a  hole,  out  of  which  the  fluid  mass  can  be 
fcpped.  The  metal  has  a  tendency  to  cool  rapidly,  and  must  be  poured  into  the  moulda 
Km,  and  with  care  that  it  shall  not  touch  the  walls  of  the  mould.  In  order  to  accomr 
lieh  this,  a  hydraulic  crane  is  used,  of  which  the  pivot  is  a  piston  playing  in  a  cylinder, 
ad  at  the  end  of  a  horizontal  arm  extending  from  this  pivot  is  fixed  the  ladle;  the 
Kmlds  are  placed  in  a  circle  around  the  pivot  at  such  distance  that  a  hole  in  the 
ottom  of  the  ladle  can  be  brought  directly  over  the  centre  of  each  of  them  by  revolyin|^ 
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■bould  be  from  16  to  25  ponnda  to  &e  aqnare  inch,  mud  it  should  ba  thtown  tM 
acmverter  through  Uuity-fire  tuyera,  each  i  inch  in  diameter. 

It  ia,  however,  alwa^  bwt  to  hare  a  conuderable  Borplua  of  .power  is  th»  Ub 
apparatua.  When  the  oaat  iion  is  not  taken  directly  from  the  blaat-foniMM  in  a  1 
■late,  it  it  neoeesar;  to  have  a  rererberator;  or  oupola-furnaoe  for  remeldng  it 
•hould  ba  plaoed  at  each  a  bnght  above  tii«  level  of  the  oonrerter  that  th«  liqnid 
will  flow  readilj  from  the  former  into  the  latter.  It  may  Ifc  elerated  in  ImIIw. 
OTor,  to  Uia  converter,  aa  done  at  tiie  Wjandottc  Worka,  Mioliigan.  Tha  iim  d 
be  iutioduoed  into  tiie  converter  aa  hot  and  fluid  oa  poaaible. 

THE  METHOD  OF  OFERATINa  THE  MACHINEBY  JUST  DESCBIBED. 
7b  produce  Besiemer  or  Pitaimatv;  Sled. 

During  the  treatment  of  ca«t  iron  in  the  Beesemer  apparatua,  the  opmrmtot  VK 
tratea  hie  attendon  upon  the  following  pointa:—tiie  character  of  the  flaiMw  and  a) 
iliat  flow  from  the  month  of  the  eonverter;  the  oharaoter  of  the  amoka  thmt  riaoi 
4ie  top  of  the  ehimnej,  which,  by  reaacm  of  the  abundant  apa^a  gaaarmtad  ii 
cparation,  cannot  be  atndied  below;  Hie  Doiae  of  the  oaat  iroa  in 
height  of  tJie  ur-gauge,  which  Indieatea  the  preasun  neeenaiy  to  ftna  tba  i 
ihe  tnyera;  and,  finally,  upon  the  duration  of  each  of  the  pfaanooiana  of  th» 
Wd  the  total  dura&m  of  the  blowing. 

Let  UB  watoh,  for  an  example,  the  converting  of  a  charge  of  three 
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liti  cihareoftl  i«a  through  the  prooess  of  oonvenion  into  bteeL  The  air  is  blown  at  a 
premire  of  20  poanda  to  the  square  inch. 

The  converter  is  first  heated  white-hot  before  the  metal  is  poured  in,  by  filling  it  with 
fldke,  and  blowing  into  it  gently  with  the  blast-engine.  The  coke  is  poured  out,  and  the 
vessel  returned  to  its  erect  position ;  the  metal  from  a  reverberatory  furnace  is  then  run 
by  a  trough  into  the  converter,  and  the  blast  turned  on.  The  blowing  is  continued 
twenty-two  minutes,  until  over-refined  iron  is  produced.  The  vessel  is  then  turned  to  a 
horixontal  position,  the  blast  stopped,  and  an  addition  of  7^  per  cent,  of  Franklinite  or 
other  spathose  iron  containing  manganese,  in  a  fused  condition,  is  made :  this  is  mixed 
thoroughly,  and  the  mixture  poured  into  the  ladle  above  described,  and  thence  into 
the  moulds.  In  looking  more  closely  into  the  process,  we  may  divide  the  twenty-two 
minutes  during  which  the  blast  is  being  driven  into  the  fused  metal  into  four  periods. 

UrsL  Lasting  seven  to  eight  minutes,  being  the  period  of  sparks,  and  until  flames 
commence. 

Second,  Period  of  eight  minutes,  during  which  flames  augment  and  the  **  dart-like'' 
flame  is  formed. 

Third,  Period  of  two  minutes,  of  detonations  and  eruptions. 

Fourth,  Period  of  four  or  five  minutes,  increase  of  amount  and  brilliancy  of  flame 
until  the  flame  falls. 

FIRST   PERIOD. 

Upon  the  air  reaching  the  fused  metal,  large  numbers  of  sparks  are  projected  through 
the  neck  of  the  vessel  and  into  the  chimney  by  the  violent  blast.  These  are  combustible 
particles,  that  bum  brilliantly  in  the  oxidizing  currents.  The  chimney  as  yet  produces 
BO  smoke.  The  noise  formed  in  the  converter  is  dry  and  crackling,  and  indicates  that 
tilM  metal  raised  by  the  blast  falls  back  upon  itself.  The  noise  grows  gradually  into  a 
fegnlar  and  dull  clapping.  The  iron,  during  this  period,  becomes  more  and  more  hot 
•ad  liquid.     The  combustion,  however,  is  accompanied  by  no  visible  flame.    „ 

During  this  period  the  combustion,  which  causes  the  metal  to  grow  hotter  aud  hotter, 
does  not  appear  to  produce  any  combustible  gas.  The  current  flowing  from  the  con- 
verter appears  to  be  still  oxidizing,  since  the  sparks  continue  to  burn  in  the  midst  of 
the  current.  If  the  iron  is  poured  now,  it  has  the  appearance  of  pig  partly  refined 
•ad  having  lost  but  little  in  weight.  These  facts  lead  us  to  believe  that  a  part  of  the 
oxygen  passes  through  the  iron  uncombined,  and  that  the  combustion  is  caused  by  the 
oxidation  of  a  body  more  oxidizable  than  iron,  without  attacking  sensibly  as  yet  the 
carbon  or  the  iron.  The  Rparks  are,  indeed,  as  characteristic  of  the  combustion  of 
•ilicum  and  metallic  manganese,  as  of  iron. 

We  may,  then,  conclude  that  the  heat  at  the  beginning  of  the  operation  is  furnished 
by  the  oxidation  of  a  body  more  combustible  than  iron ;  that  the  carbon,  if  it  burns  at 
all,  produces  carbonic  acid  gas;  and  that  the  temperature  of  the  mass  is  not  high 
enough  to  absorb  all  the  oxygen. 

SECOND  PERIOD. 

The  sparks  diminish,  and  are  masked  and  replaced  by  flame.  At  six  or  seven 
minutes  a  red,  dull,  short  flame  begins  to  show  itself;  at  eight  minutes  it  is  more  dis- 
tiiiot,  and  begins  to  be  yellowish  and  bright.  At  first  only  a  few  inches  long,  it 
gradually  grows  to  be  throe  feet  in  length.  About  the  middle  of  the  period,  a  dart- 
Hke  flame  shows  itself  at  the  throat  of  the  converter,  resembling  the  flame  of  a  candle, 
and  continues  during  the  remainder  of  this  and  a  part  of  the  following  period.  The 
noise  in  the  converter  becomes  drier  and  drier,  and  less  perceptible,  and  is  replaced  by 
a  aound  like  the  formation  of  innumerable  bubbles  of  gas.  No  smoke  yet  issues  from 
the  chimney.    The  back-pressure  of  the  air  diminishes. 
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Daring  the  second  period,  the  preeenoe  of  »  flame  like  thai  of  m  caadk  pravet  fktk 
the  combustion  of  carbon  is  followed  by  the  prodactioiL  of  oarbmiie  ozidc^  and  Ihi 
oxj^n  is  now  entirely  absorbed  by  tiie  combustible  matter  in  the  fluid  mmea,  umsAm 
jet  of  gas  at  the  mouth  of  the  converter  burns  only  on  the  surface  when  it  ~ 

oontact  with  the  air. 

THIRD  PERIOD. 

The  flames  remain;  strong  detonations  take  place  in  the  apparatna;  thej  are 
panied  by  the  projection  of  viscid  portions  of  the  interior  mass,  mixed  with  metsIEt 
grains,  against  the  wall  of  the  chimney.  The  flames  appear  more  clear  during  sevcnl 
seconds  after  each  explosion.  These  explosions  do  not  seem  to  be  essential  to  the  pit^ 
oess ;  and  a  skilful  operator  will  at  length  succeed  with  most  irons  in  working  withosl 
them.  The  noise  produced  at  this  time  is  similar  to  that  of  a  fluid  mass  in  a  state  of 
violent  ebullition.  Much  smoke  now  issues  from  the  chimnej.  At  this  period  tti 
iron  bums  directly  and  its  combustion  is  very  lively.  The  oxide  of  iron  is  carried  of 
as  smoke,  and  the  loss  in  weight  is  considerable. 

The  iron  has  now  reached  a  period  when  it  is  somewhat  viscid,  having  been  refined 
till  it  has  reached  a  condition  of  malleability.  Bubbles  are  formed,  and  when  tkej 
receive  oxygen  and  carbonic  oxide  in  proper  proportions  they  become  explosive. 

rOURTH   PERIOD. 

A  calm  now  succeeds.  A  long  white  flame  extends  from  the  month  of  the  conrerter. 
Soon  this  flame  experiences  an  entire  change.  It  becomes  torn  on  the  edges,  tremlte 
and  suddenly  falls,  as  though  the  blowing-engine  had  in  a  moment  lost  nine-tenthf  of 
its  power.  After  this  fall  the  flames  are  not  bright,  and  much  smoke  issnes  from  the 
converter.  The  operation  is  now  stopped.  If  it  be  continued,  there  will  be  a  rapid 
formatioii"of  silicate  by  the  fused  lining  of  the  converter  combining  with  the  oxidiied 
metal,  and  ultimately  an  oily  fluid  silicate  of  iron  will  fill  the  converter. 

Practice  teaches  how  to  seize  the  exact  moment  to  stop,  that  the  required  degree  of 
hardness  may  be  produced.  It  is  always  a  delicate  point  to  determine  the  exact  moment 
when  the  operation  shall  be  discontinued. 

When  the  flame  falls,  the  converter  has  within  it  a  very  fluid  metal  holding  much  gai 
in  solution,  which,  if  allowed  to  cool,  is  not  malleable,  and  resembles  in  its  fracture 
what  is  known  as  "burned  iron."  The  action  of  the  blast  is  terminated  by  reverabig 
the  apparatus  and  shutting  the  air-valve. 

During  the  fourth  period,  the  continuance  of  the  flame  proves  that  the  combnstiUfl 
gas  is  produced  in  abundance;  but  the  cessation  of  detonations  shows  that  the  iron  has 
acquired  a  temperature  sufficiently  high  to  absorb  all  the  oxygen  thrown  into  it.  The 
combustion  of  the  last  portions  of  carbon  (probably  the  graphite)  appears  to  take  place 
indirectly  by  the  decomposition  of  the  oxide  of  iron,  free  or  combined.  The  iron  hii 
become  almost  exclusively  the  combustible  substance.  Its  affinity  for  oxygen  increases 
with  its  temperature,  and  the  action  of  the  mass  is  in  favor  of  its  combustion,  in  prefe^ 
ence  to  the  sulphur,  the  phosphorus,  and  other  bodies  that  have  escaped  burning  it 
former  periods.  The  refining,  therefore,  can  be  carried  no  further.  The  flame  produced 
at  this  period  is  white  and  brilliant:  it  falls  generally  when  the  last  particles  cdT  carbos 
have  disappeared. 

The  final  product  is  always  very  liquid.  The  slags  formed  towards  the  last  of  the 
operation  run  easily,  are  glassy-black  without,  and  yellowish-green  within. 

Seven  and  one-third  per  cent,  of  fused  spiegeleiscn,  from  Siegen,  or  other  mangaiuf- 
erous  iron,  melted  in  a  special  compartment  of  the  reverbcratory  furnace,  is  then  intro- 
duced by  means  of  a  small  crane  and  ladle.    The  addition  of  this  metal  always  pnh 
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daoM  ft  tnmnltiioiiB  nction,  whioh  ii  more  or  leai  violent  in  proportiaa  to  th«  unount  of 
nr  thai  haa  been  driT«n  in,  and  Tarritig  with  the  differeat  iraiu  treatad, 

Aftor  allowing  the  metal  to  mis  thoroughij,  it  may  be  ponred  into  the  ladle  on  the 
enuie  witbont  taming  up  the  converter ;  but  if  it  is  desired  to  make  the  mixtare  still 
marv  complete,  it  muj  be  done  bj  bringing  the  converter  again  to  A  vertical  position 
•nd  blowing  air  into  it  for  a  few  seconds.  The  metal  is  then  poured  into  the  distributing 
ladle.  During  this  last  blast  the  flame  passes  from  red  to  yellow,  and  the  some  phe- 
nomena are  seen  to  occur  in  rapid  succession  as  have  been  described  above. 

From  the  distribuUng  ladle  the  diSused  metal  must  be  ran,  before  it  cools,  into  the 
ingot-mould. 


Tut.  186. 


COMPARATIVE  ECONOMY  OF  THE  BESSEMER  OR   PNEUMATIC   PROCESS. 

By  this  method  of  making  steel,  a  great  saving  of  fuel  is  secured.  The  product  is 
in  a  cast  condition ;  and  hence,  in  comparing  it  with  the  cementiug  process,  no  will 
consider  the  expenditure  in  producing  ingots  by  each  plan. 

It  requires  for  1  unit  of  steel  2}  units  of  coal  to  prodnce  from  the  pig  the  cemented 
or  blister  steel;  and  for  1  unit  of  steel  2)  units  of  coke  to  fuse  this  cement  steel,  and 
ftom  therefrom  ingot  cast  steel.  Supposing  the  coke  to  represent  60  per  cent,  of  the 
original  coal,  we  have,  upon  addition,  7  units  of  coal  necessary  to  produce  1  unit  of 

In  the  pneumatic  process,  using  iron  directly  from  the  blast-fumace,  no  fuel  is  abso- 
lutely required,  except  what  may  be  necesBiiry  to  heat  the  interior  of  the  converter:  the 
power  to  drive  the  blowing-machine  may  be  water.  To  beat  the  converter  requires  ^ 
of  a  unit  of  fuel  to  a  unit  of  steel. 

If,  however,  we  suppose  it  necessary  to  remelt  the  cast  iron  in  a  reverberatory  fui^ 
nace,  it  requires  CO  per  cent,  of  the  weight  of  iron  in  coal  to  perform  this  office.* 
Heuoe  we  may  conclude  that  1  part  of  fuel  in  the  Bessemer  process  will  produce  as 
■noch  steel  as  6  or  T  parts  in  the  old  method  by  cementatiou,  and  that  hence  there  is  a 
saving  of  f  to  f  in  the  amount  of  fuel  necessary. 

•  In  th*  capolm-tBTBmcr,  which  li  mb  Amnku  ImpnxMnaiit,  ana  ton  of  good  ■ntfaradti  will  inalt  ilchl  tou 
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TIm  labor,  Ihe  keopfaig  tip 
MM.1I  in  amount  when  tnmzMi 
At  Woolvieh,  Bvawmer  eatunsted 
mm  ma  costiog  $18  per  ton. 

triea.  The  chief  economj  it  in  the  fuel,  whioh  is  an  important  &at  to  ba 
bj  the  inhAbitanti  of  those  regions  irhtn  tad.  ia  deu  or  of  infarior  qnalilj ;  ni  ii 
prooess  may  lead  to  some  most  important  revofaituKu  in  Um  iion4>daatoj  of  the  i^ 
bj  traoHrening  the  bntinees  to  T^ions  hitherto  mfreqaeDted  bjf  iai^F«naBBfMtnHi&  - 

The  discoferj  of  this  method  of  nuking  eteel  wm  peonliwlj  o^^urbime.  No  fn^ 
ever  Iran  invented  at  a  moment  more  &Torable  for  ita  davelopmsnt.     Tha  SMt^b^pl 

en  in  which  ve  live  denAnds  vast  quantilJoe  of  ateel  in  large We  hara  kl 

behind  us  the  day  when  quality  alone  wae  ooDtidored:  qnantitj  ia  now  oar  nppanai 
idea.  We  are  clamorous  fbr  processes  to  economiio  time,  Thia  fomisbea  the  tmt 
aangaino  with  all  he  can  desire.  In  lesa  than  an  hour  the  liquid  caat  izoq  can  ha  ■■■ 
verted  and  drawn  into  merchantable  eteel ;  the  process  of  oementatioti  Tsqsirea,  to  p» 
dace  the  same  results,  the  tedious  liqiee  of  seTeral  weeks. 

The  usual  method  supplies  ingots  of  from  40  to  80  pounds  freight,  whiehcMlflf 
great  efforts  may  be  increased  to  aerenl  thousand  pounds.  With  this  plan  we  Hf 
east  with  ease  an  ingot  of  10,000  poandsj  and  by  using  several  oonTertera  at  the  ^at 
time,  masBes  may  be  obtained  of  a  siie  the  limits  of  which  we  ^annot  assign.  KimB)^ 
nearly  all  the  movements  of  the  apparatos  may  be  aoooMpBabed  by  nttiam;  IfaeUi 
of  the  puddler  has  no  oonnterpart;  muscle  is  everywhm  sappluted  by  skill;  ■■ 
oeases  to  be  the  beast  of  burden,  and,  aasoming  hia  truer  fleers,  obserrea,  jndgts,  mi 

lUFBOVEUENTB  IN  THE  UICHAITtCAL  UBANB  EMPLOTBD. 

The  great  difficulty,  since  the  invention  of  Heath  in  1839,  has  been  in  the  applieatH 
of  mechanical  means  to  effect  the  decarboniEation  of  cast  metal  to  form  wrought  in^ 
and  the  recarboniiation  to  form  steel.    The  meaai  employed  by  Mr.  ~ 
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beet  which  have  been  applied,  but  perhaps  not  the  best  that  may  be  appUed.  Hue*  ii 
always  room  for  invention;  and  American  inventors  proverfaiallT  load  all  otlMah 
meohanios.    Oire  them  Ihe  inducement  and  an  Idea,  tdl  than  iflni  yw  w^  aai 
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«lutt  joa  'vrill  pay;  and  if  the  reward  is  worthy  of  the  object  you  will  be  flare  to  realiie 
yovLT  wishes. 

There  is  no  wider  field  for  inyention,  no  greater  reward  offered  to  industry  or  inge- 
Bnity,  than  may  bo  found  in  the  full  development  of  our  resources  of  coal  and  iron,  and 
tfie  realization  of  their  wealth  by  science  and  art,  providedi  however,  that  our  domestic 
industry  is  protected  and  encouraged. 

This  globular  converter  is  a  decided  improvement  on  the  egg-shaped  converter,  both 
in  the  economy  and  effect  of  the  application.  The  blast-pipe  is  simple,  and  can  bo  lowered 
into  and  elevated  out  of  the  converter  at  pleasure,  and  can  be  repaired  without  hin- 
drance to  the  operations,  which  cannot  bo  done  in  the  egg  converter,  since  the  con- 
verter must  bo  cooled  and  remain  idle  while  the  tuycrs,  &c.  are  being  repaired.  The 
converter  being  spherical  has  more  surface,  and  the  metal  will  expose  a  greater  surface 
and  a  less  depth  to  the  blast,  and,  consequently,  requiring  a  smaller  amount  of  pressure 
to  penetrate  the  liquid  mass. 

But  impR)vement  will  not  stop  at  this.  While  the  works  erected  by  Mr,  Bessemer  in 
England  exhibit  great  mechanical  skill,  substantiality,  and  enormous  cost,  they  do  not 
manifest  the  ingenuity  which  generally  characterizes  American  inventions.  There  ia 
an  evident  want  of  simplicity  and  economy  in  the  Bessemer  arrangements,  which  do  jiot 
admit  of  application  to  old  establishments  without  great  cost  and  alteration. 

The  great  first  principle  involved — that  of  blowing  air  into  molten  cast  metal — cannot 
be  secured  to  any  inventor,  since  it  has* been  in  use  for  ages;  but  the  mechanical  means 
of  applying  the  blast,  and  the  general  arrangement  of  the  apparatus,  are  as  open  to  in- 
vention and  improvement  to-day  as  they  were  one  hundred  years  ago. 

RESUME. 

Having  briefly  traced  the  modes  and  means  by  which  iron  and  steel  have  been  elabo- 
rated from  the  ore  since  the  early  development  of  the  art  of  smelting  to  the  present 
time,  we  may  now  sum  up  the  facts,  and  thns  be  enabled  to  comprehend  more  clearly 
the  present  status  of  these  great  and  important  branches  of  our  manufacturing 
industry. 

1.  Rich  and  pure  iron  ores  will  always  produce  good  iron  in  the  blast-furnace  if  pure 
fuel  is  used ;  and  charcoal  iron  is  always  superior  to  that  produced  by  mineral  fuel, 
because  charcoal  contains  less  impurity  than  the  best  mineral  coal. 

2.  All  ores  must  go  through  a  process  of  torrefaction  and  oxidization  before  they  can 
be  successfully  smelted  or  reduced  to  iron ;  and  the  smaller  the  particles  of  ore,  and  the 
more  intimately  these  can  be  brought  in  contact  with  carbon  under  a  strong  heat,  the 
sooner  and  more  thoroughly  will  this  process  be  completed. 

3.  The  principle  applied  in  the  blast-furnace  for  the  reduction  of  ores  to  cast  iron  is  the 
simplest  and  most  economical  that  has  yet  been  made  use  of  or  suggested,  and  it  seems 
impossible  that  any  better  mode  can  be  applied.  The  only  desirable  improvements  we 
can  now  appreciate  are  the  preparation  of  the  ores  for  easy  and  full  dooxidization,  the 
increase  of  temperature  in  the  blast  by  utilizing  the  furnace-gases,  and  the  use  of  the 
caloric  given  off  by  burning  coal  without  its  impurities. 

4.  The  dccarbonization  of  cast  iron  while  in  a  fluid  condition  direct  from  the  blast- 
furnace by  the  use  of  air  blown  through  the  liquid  mass,  in  place  of  the  tedious,  costly, 
and  imperfect  process  of  puddling,  and  the  recarbonization  and  purification  of  the  iron 
by  the  proper  admixture  of  carbon  and  manganese. 

The  modes  of  effecting  these  improvements  are  plainly  set  forth  by  the  requirements, 
while  the  means  are  simply  those  now  in  daily  use.  We  only  need  combination  and 
skilful  mechanism  to  develop  our  iron-industry  in  a  state  of  perfection  to  our  present 
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MnpidieiinoD ;  the  prodnatiaB  of  ■operioi  wtoa^t  iton  and  alad  ftoik  gpod  ot&q 
OTM  with  miaenl  ftial  kt  k  oost  bat  litde  axoaading  oast  iron. 

The  limila  id  thia  work  will  not  Admit  »  fnll  illnstnttioti  of  thowi  iaipvorenMnte,  Vi 
luTe  &r  ezoeeded  the  space  originally  allotted  ob  on  the  mtyeot  of  Iran,  ai^  ca«  m^ 
add,  in  ooudiuion,  an  earnest  hope  that  onr  brief  notice  m^  not  onlj  aid  in  ■'"■f"^ 
our  readere  to  the  accomplishment  of  the  desired  eoooomj  in  the  daralopnMnt  of  tm 
nineral  resonrces,  bnt  enoonrage  snoh  legislatian  as  will  lead  to  the  naliaatksi  of  Mi 
*"■»"■—  wealA  at  an  mtlj  iaj. 

The  statlitioa  of  iion  will  be  finmd  in  the  Appendix. 


PART  VII. 


CHAPTER   XXX. 

PETROLEUM. — ITS   GEOLOGY,  DISTBIBUTION,  ETC. 

^tteoleam— Hydro-Carbons— Volcanic  Vapors,  Oases,  and  Oil— Pitch  Lake  of  Trinidad— Caba— Other  Localities- 
Petroleum  of  the  Coal-Field»— Ooologj  of  Petroleum — ^Petroletun  Rocks  of  the  Great  Basin — Oil-Bearing  Bocks 
«f  the  AUegh&ny  Coal-Field— Formation  of  Rock-011  in  the  Great  Basin— Natural  Processes— Anthracite  Ck>al 
•— Osological  Position  of  Rock-Oil — Petroleum  of  the  Alleghany  Coal-Field — Favorable  Conditions  for  the  Ex- 
latence  of  Rock-Oil — Practical  Obserrations — Geological  Horizons  of  Petroleum — Flowing  Wells — Action  of  the 
Gas— Gas  Wells— Distribution  of  Rock-Oil— Petroleum  of  OaDad»—Burmah— Persia— China— Distillation  of 
Coal-Oil— Coal  and  Coal-Oil. 

Pbtroleum  is  derived  from  the  Latin  word  petra,  a  rock,  and  oleum,  oil,  or  rock-oil, 
and,  as  sach,  has  been  known  and  used  to  a  limited  extent  for  ages.  It  is  also  known 
M  naphtha,  which,  however,  is  the  lightest  variety  of  hydro-carbons  when  in  the  con- 
dition of  oil.  But  the  constituents  of  petroleum  also  exist  in  the  condition  of  gas, 
ohiefly  as  a  carburetted  hydrogen.  Light  carburetted,  or  bicarburet  of  hydrogen,  is  its 
nosi  volatile  charactier.  In  this  condition  it  consists  of  one  equivalent  of  carbon  and 
hvo  of  hydrogen,  mixed,  perhaps,  with  a  small  proportion  of  other  gases.  Hydrogen 
is  the  lightest  gas  known,  and  in  proportion  to  its  volume  in  connection  with  carbon 
•rill  be  the  density  of  the  hydro-carbon.  Heavy  carburet,  or  proto-carburet  of  hydro- 
gen, consists  of  one  equivalent  of  each.  This  gas  condensed  produces  naphtha,  which 
\b  the  most  volatile  of  rock-oils ;  yet  by  long  exposure  to  atmospheric  influences  it  turns 
ko  bitumen  or  asphaltum  by  the  evaporation  of  the  hydrogen  and  the  absorption  of  a 
unall  quantity  of  oxygen. 

Petroleum  is  essentially  a  compound  of  carbon  and  hydrogen.  The  lighter  kinds,  in 
kheir  native  condition,  consist  of  nearly  equal  parts  of  carbon  and  hydrogen;  but  by 
ireight,  from  85  to  90  of  carbon,  and  from  10  to  15  of  hydrogen. 

Water  consists  of  one  volume  of  oxygen  and  two  of  hydrogen,  but  by  weight,  88.9 
»f  oxygen  to  11.1  of  hydrogen.  Under  a  high  degree  of  heat,  hydrogen  unites  with 
Barbon,  but  under  intense  cold  it  unites  with  oxygen.  In  the  first  it  forms  gas  or  oil, 
ind  in  the  last,  water  or  ice. 

Hydrogen  has  no  affinity  for  carbon  under  a  high  degree  of  cold:  in  fact,  they  seem 
\o  exist  in  combination  naturally  in  a  state  of  gas,  which  can  be  maintained  only  by 
beat  or  confinement.  If  liberated,  they  part  readily  in  the  temperature  of  summer. 
Naphtha  or  petroleum  cannot  be  confined  in  ordinary  barrels,  since  the  light  hydrogen 
trill  find  a  way  out,  even  through  the  pores  of  the  wood,  and  when  exposed  on  the 
lurface  of  water  or  within  the  influence  of  the  air  it  soon  becomes  bitumen  or  very 
beavy  oil. 

Thus,  we  find  the  hydro-carbons  in  many  forms,  ranging  from  the  lightest  gas  to  a 
beavy,  solid  substance.  First,  we  see  it  in  the  state  of  gas,  which  is  its  normal  con- 
iition ;  then  as  naphtha,  or  gas  condensed  by  cold  and  the  loss  of  hydrogen.  Petroleum 
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is  oolj  a  heavier  oH,  oontuxdng  more  oarbon  than  naphtha  and  lew  hjdngen,  mm 
find  fhlly  exemplified  in  our  oil-wells. 

The  upper  oil,  or  that  nearest  the  sarftuse,  is  always  the  heavieat*  tiu^est»  ml 
most  valaable,  simply  because  it  has  lost  a  great  part  of  its  hydrogen  and  beeoM 
thick  and  heavy  in  consequence.  The  second  oils,  or  those  found  beneath  tba^  IhU 
sandrock,  in  Venango  county,  Pennsylvania,  are  very  light  when  foond  at  the  depA 
of  500  to  700  feet,  but  only  moderately  «>  at  the  4eyth  of  200  to  300.  The  same  oiH 
in  the  Great  ELanawha  Valley,  at  a  depth  of  1660  feet,  exist  as  gas  or  light  naphtha. 

But,  in  whatever  form  it  may  exist  in  Nature,  when  exposed  to  atmoapheric  in^nwMf 
it  becomes  heavy  and  thick,  and  finally  a  solid,  by  the  evaporation  of  the  hydrogBi 
and  the  consequent  condensation  of  the  carbon.  The  carbon  can  only  be  Tnaintiimi 
in  a  state  of  vapor  or  gas  by  great  heat.  In  a  mean  or  low  temperature  it  forms  oilii 
combination  with  either  hydrogen  or  -oxygen ;  (?)  but  in  the  temperature  of  the  alB^ 
^here,  in  summer  or  winter,  it  parts  with  both  and  becomes  solid,  as  asphaltn^ 
bitumen,  cannel  eoal^  bitominons  ooal,  anthracite,  and  diamond.  These  can  again  k 
resolved  by  heat  to  vapor,  and  in  connection  with  oxygen  they  form  carbonic  oxide  or  • 
osrbonio  acid,  and  with  hydrogen,  oarburetted  hydrogen  gas  or  hydro-carbon  oils.  V 
8at;ject  to  heat  in  connection  with  the  atmosphere,  they  will  prodHoe  the  firrt;  bat  if 
exposed  to  subterranean  heat, — either  the  internal  and  volcanic  heat  of  the  earli^  w 
tifeat  caused  by  great  depth  and  pressure,-— the  latter  will  be  the  result. 

The  vapors  escaping  from  smouldering  volcanoes,  if  passed  up  thno^  watsf^  fap 
oil  by  condensation,  as  many  instances  bear  witness. 

VOLCANIC  VAPQBS,  GASES,  AND  OILS. 

At.  Zante,  one  of  the  Ionian  Islands,  is  an  oil-spring  sdU  floiwlng^  Which  mm  aa^ 
lioned  by  Herodotus  more  than  two  thousand  years  ago. 

In  the  north  of  Italy  petroleum  has  for  nearly  two  centuries  fumislied  the  gas  fi»r  U|^ 
ing  the  streets  of  Genoa  and  Parma ;  while  at  Baku,  on  the  Caspian  Sea,  are  mniiiiisM 
springs  of  naphtha  issuing  from  the  crevices  of  volcanic  rocks.  Pits  or  wells  aredi^ 
from  ten  to  twenty  feet  deep,  and  in  these  the  oil  is  gathered  as  it  issues  firdm  the  loola 

In  Judea,  in  the  volcanic  region  of  the  Dead  Sea,  oil  rises  through  the  watar  mi 
forms  bitumen  on  its  surface  by  the  evaporation  of  the  hydrogen ;  and  at  the  base  sf 
Mount  Vesuvius  the  vapors  arising  from  the  smouldering  volcano  through  the 
of  the  sea,  which  washes  its  base,  are  found  on  the  surface  as  naphUia,  or  rock«oil; 
submarine  volcanoes  always  produce  oil  on  the  surface  of  the  waters  throuf^ 
their  vapors  ascend. 

THE  PITCH  LAKE  OP  TEINIDAD. 

This  celebrated  lake  of  petroleum,  pitch,  or  bitumen  is  found  on  the  highest  land  ia 
the  island  of  Trinidad,  one  of  the  West  Indian  Islands.  It  is  supposed  to  be  thiss 
miles  in  circumference,  and  entirely  covered  with  a  crust  of  bitumen  or  jntoh,  on  whiflh 
men  or  animals  may  walk  with  safety  in  cold  or  cool  weather;  but  in  hot  weather  it 
liquefies  and  becomes  soft  and  unsafe.  The  thickness  of  the  mass  has  not  been  asssii- 
tained,  but  it  is  known  to  be  of  great  depth.  This  lake  of  petroleum  is  in  a  vdcaais 
region ;  and  not  only  in  the  lake,  but  in  the  surrounding  rocks,  exist  fissures  oontainiif 
liquid  petroleum,  which  arises  through  the  waters  of  the  lake,  and,  of  coarse,  thi 
fissures  in  the  rocks  below  and  around  it,  and  by  evaporation  or  the  loss  of  its  hydrogv 
forms  pitch  or  bitumen  on  the  surface.  The  resulting  bitumen  when  cold  is  hard  asi 
brittle,  resembling  anthracite  coal  when  broken,  by  its  conchoidal  fracture,  hot  sua- 
tains  more  earthy  impurities,  from  the  dust  and  floating  partidas  carried  l^  the 
on  the  surface  of  the  lake. 
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Near  this  lake  esists  a  submariDO  volcano,  whioh  occaaionally  boils  ap  and  produoet 
large  quantities  of  petroleum,  which  floats  on  the  surface  of  the  water;  while  on  the 
other  side  of  the  island  a  second  volcano  produces  oil  in  still  greater  abundance,  which 
hj  evaporation  leaves  masses  of  black  and  brilliant  bitumen  on  the  surface  and  along 
the  shore. 

.     ROCK-OIL  AND  BITUMEN  OF  CUBA. 

The  so-called  chapapote,  or  bitumen,  of  Cuba,  which  is  mined  as  coal  and  oflen  demg- 
nated  as  such,  occurs  in  the  fissures  of  the  rocks,  and  generally  at  right  angles  to  the 
strata,  demonstrating  its  origin  from  subterranean  vapors,  forming  oil  on  cundensation, 
and  subsequently  bitumen  by  the  escape  of  its  hydrogen.  Flowing  springs  of  petro- 
leum still  exist  in  the  vicinity,  emanating  from  the  fissures  in  the  rocks,  which  extend 
through  the  stratified  surface-rocks  to  the  metamorphic  and  plutonic  below.  The  rocks 
of  the  whole  island  seem  impregnated  with  bitumen,  and  petroleum  springs  are  found 
in  numberless  places;  while  the  bay  of  Havana  affords  bitumen  enough  along  the 
shores  to  supply  a  sufficiency  in  the  place  of  tar  for  the  purpose  of  caulking  and 
« paying''  the  ships  in  the  harbor. 


OTHER  LOCALITIES. 

Bitumen  and  petroleum  like  those  of  Trinidad  and  Cuba  are  also  found  near  the  city  of 
Maracaybo  in  Venezuela,  at  Murinda  in  New  Granada,  and  in  numerous  volcanic  localities 
in  Mexico  and  California;  but  the  consistency  and  purity  of  the  resulting  bitumen  de- 
pend on  the  character  and  quantity  of  earthy  impurities  with  whioh  it  is  associated. 

A  description  was  given  to  the  War  Department  in  1844  of  a  small  lake  of  petroleum 
irldoh  exists  in  Texas.  This  lake  is  about  one  hundred  miles  from  Houston.  It  is 
xeported  to  be  filled  with  bitumen  which,  during  winter,  is  hard.  In  the  summer, 
petroleum  boils  up  continually,  which  by  the  evaporation  of  its  hydrogen  becomes 
Ixitnmen,  and  hard,  black,  and  brilliant. 

All  the  localities  here  described  are  in  volcanic  regions,  and  the  oils  originate  in 
ftssores  leading  from  smouldering  subterranean  fires,  or  from  volcanoes  direct,  and,  con- 
■equently,  cannot  result  from  organic  remains  or  fossils  of  animals  or  plants,  since  none 
ever  existed  in  the  plutonic  rocks.  Those  hydro-carbons  must,  therefore,  result  from 
the  vapors  of  smouldering  subterranean  fires,  volcanic  heat,  or  the  chemical  action  of 
latent  heat  under  pressure  on  the  carbonated  rocks. 

It  is  a  well-known  fact  that  all  rocks  contain  more  or  less  carbon ;  and  we  do  not 
speculate  in  assuming  the  original  constituents  of  the  earth,  when  in  its  liquid  con- 
dition,  to  hold  a  large  amount  of  carbon,  as  the  chief  cause  of  its  caloric.  As  the 
carbon  escaped  in  vapor,  the  liquid  and  fiery  ball  began  to  form  its  rocky  crust, — at 
first  slowly  and  by  the  condensation  of  its  surface,  in  which  but  little  carbon  and  no 
Itttamen  could  exist,  since  carbon,  hydrogen,  and  oxygen  were  held  as  vapor  by  the 
heat,  and  could  not  condense  in  the  forms  in  which  it  now  exists  in  the  carbonated  or 
bituminous  rocks,  slates,  and  shales. 

But  when  the  crust  of  the  earth  grew  thick,  and  the  igneous  rocks  were  covered  by 
the  metamorphic,  the  radiating  heat  had  diminished  so  that  the  vapors  of  carbon  began 
to  return  to  the  earth  in  the  shape  of  carbonic  acid,  in  limestones,  &c.  During  later 
periods,* the  vapor  of  carbon  which  issued,  and  still  issue,  from  the  internal  hea^  of  the 
enith  did  not  escape  entirely  in  vapor,  but  became  condensed  whil6  arising  through  the 
thickening  crust,  in  connection  with  hydrogen,  and  formed  hydro-carbon  oil,  whioh,  in 
ioealities  having  the  requisite  oondidons,  formed  coal;  in  others,  bituminous  shale, 
asphaltum,  bitumen,  &e.    But  in  localities  not  prepared  to  held  it  in  biisin<4hape,  the 
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oil  was  carried  away  by  tides  or  waves,  became  too  miniitely  distributed  and  nuxed 
with  earthy  impurities  to  produce  distinct  masses  or  beds  of  pure  bitumen  or  ooaL 

After  the  formation  of  coal  in  our  great  basins,  the  production  of  those  subterruMB 
gases  diminished,  and  those  produced  became  condensed  before  reaching  the  sur&ce  m 
the  form  of  oil  -,  while  the  continual  contraction  of  the  rocky  crust  of  the  earth  by  oon* 
donsation  on  cooling  closed  its  pores  and  fissures,  and  sealed  much  of  the  oil  and  gts  in 
its  deep  cavities.     In  the  coal-fields  the  strata  grew  continually,  until  the  basins  in 
which  thoy  formed  were  filled  to  their  brims,  mud  and  clays  extended  in  immense 
horiions  fn^ni  edge  to  edge,  while  stratum  upon  stratum  of  sand  and  shale  and  enl 
addcil  thickness  to  thickness,  and  formed  a  sealed  and  impenetrable  cover  to  the  gsM 
still  arising  from  the  lower  and  still  heated  rocks.     These  gases  accumulated,  and,  by 
their  great  tonsion,  forced  themselves  into  and  between  the  strata  wherever  a  lodgement 
Qould  W  found,  and  escaped  to  the  surface  in  the  form  of  gas  or  oil  through  every  fisson 
car  crack  presenting  the  means  of  escape. 

Wheu  we  examine  the  solidity  of  our  rocky  strata,  even  in  the  most  disturbed  and 
dislivatevl  Uvalities,  it  seems  strange  that  gas  or  oil  should  find  a  way  to  the  surftee; 
but  when  we  cimsider  the  tension  in  which  these  subterranean  gases  must  exist,  ve 
c««tfe  t\^  Wv'udor.  The  constant  generation  of  gas,  which  may  exert  several  thousand 
pounds'  prx^^ure  to  the  square  inch,  under  a  surface  of  many  thousands  of  square  milei, 
wv«uM  litt  the  whole  bodily,  unless  vents  were  found  through  which  it  could  escape. 
When  l^iiTge  fissures  exist,  through  which  petroleum  and  gas  escape  to  the  surface,  they 
iiitTuiably  beci^me  filled  with  solid  bitumen  by  the  evaporation  of  its  lighter  and  man 
v\4atiW  |Hirtions.  Thus,  in  West  Virginia  we  find  a  vein  of  bitumen  or  asphaUm 
«xistin|t  in  a  fissure  which  extends  across  the  strata  of  the  sedimentary  rocks  in  whidi 
il  exist*:  while  in  Cuba  and  many  other  parts  of  the  world,  as  before  stated,  we  tad 
lli«  sttHKS  resullin^t  bitumen  in  fissures,  lakes,  Ac. 

It  May  be  p«>e«ble  that  bodi  gas  and  oil  are  still  forming  to  a  limited  extent,  bat  it  ii 
MWK^  |>v\^KaMe«  The  carbon  and  bitumen  of  the  rocks,  which  resulted  from  a  fbnav 
^\N>Nt»  W"  c^^Kmi,  may  now  yield  it  again  to  the  chemical  action  going  on  in  the  Siitk 
uuvlcr  pr\\>9ure  and  ivntact  with  water.  (?)  Water  could  not  penetrate  deep  into  the  eartii 
>k  h«tt  tiw  rvvks  were  in  a  heated  or  warm  condition,  but  would  evaporate  in  steam.  On 
ihiw  (Nitre  v>f  ^Hir  subject  we  do  not  propose  to  theorise,  since  there  is  no  natural  proeen 
SMI  >ii  hWh  h>  t\'nn  a  thesis  with  any  certainty,  or  which  can  be  demonstrated  by  existing 
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\Y  o  have  offt^red  abundant  proof  of  the  production  of  petroleum  by  volcanic  heat,  and 
l|4\0ii  ovidmioe  and  substantial  reasons  why  the  hydro-carbons  are  produced  by  the 
\a|H»r«  of  iMirbou  in  and  from  rocks  containing  no  trace  of  organic  or  fossil  remaiu. 

It  U  a  wolUknown  fact  that  chnrooal  will  impart  its  carbon  under  heat  to  iroo,  aid 
that  it  mmpuH  in  vapor,  under  a  strong  heat,  without  the  aid  of  oxygen;  but  thai  it  wiD 
Oioubiue  with  oxygen  when  free,  or  with  hydrogen  when  in  contact,  and  in  a  state  of 
\api>r.  it  in,  consequently,  as  natural  and  logical  to  assume  that  the  vapors  eseajnug 
IVoui  the  smouldering  internal  fires  of  the  earth  or  from  volcanoes  should  unite  with  the 
Igfilntgen  of  water,  since  the  latter  must  exist  in  the  condition  of  steam  in  the  vidni^ 
uf  vtiUmnic  heat  or  where  acted  on  by  hot  vapors,  though  it  would  naturally  condentf 
iiu  pasilng  upwards  through  the  colder  water  near  the  surface;  but  the  vapor  of  carbon 
having  united  with  hydrogen  will  only  part  with  it  again  by  slow  evaporation  in  a  cob- 
dtuiNliig  or  comparatively  cold  atmosphere. 

Wo  do  not  propose  in  this  connection  to  examine  every  known  locality  of  petroleoin, 
IW  i«00ttnfc  fbr  itf  existence  in  all  known  formations,  but  will  oonHiia  oonehes  chteif 
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ttf  the  geology  of  the  Appalachian  formations  and  their  deposits  of  petroleom.  In  the 
eaiunination  of  this  great  basin  the  whole  subject  will  be  presented,  and  the  oonditionfl 
ha  which  petroleum  exists  generally  will  come  under  discussion. 


PETROLEUM  ROCKS  OP  THE  GREAT  BASIN. 

\fe  have  given  a  representation  of  both  the  ancient  and  modem  formation  of  the 
tern  part  of  the  Great  Basin  in  figure  4,  Chapter  III.  In  this  figure,  the  dark  lines 
uiMXerlying  the  white  rocks  which  support  the  coal  are  designed  as  the  Devonian  oil- 
bearing  rocks  or  strata:  they  are  thicker  in  the  engraving  than  the  proper  proportion, 
bat  exhibit  correctly  their  position,  from  the  steep  eastern  basins  under  the  anthracite 
ooal-fields  to  the  wide  and  shallow  basins  of  Western  Pennsylvania  and  Ohio.  This 
picture,  however,  is  an  imaginative  one,  and  only  given  to  illustrate  the  natural  pro- 
ceases  by  which  the  Palaoozoio  formations  of  the  Great  Basin  grew  into  present  shape 
and  form. 

Figure  117,  in  Chapter  XVII.,  illustrating  the  Great  Basin  in  its  actual  or  present 
oondition,  and  relative  depreciation  of  strata  westward,  conveys  a  general  idea  of  the 
sabordinate  or  intermediate  basins,  and  the  succession  and  comparative  thickness  of 
the  succeeding  formations  overlying  the  granite  and  composing  the  metamorphic  and 
PalflBOCoic.  This  representatiot^  however,  exhibits  the  formations  west  of  the  Alle- 
ghanies  to  the  Rocky  Mountains ;  while  figure  4  is  designed  to  illustrate  the  succession 
from  the  granite  of  the  East  and  the  Chesapeake  Bay  to  the  Ohio.  The  Devonian  oil- 
formation  is  shown  beneath  the  sandstones  and  limestones  supporting  the  coal ;  but  the 
relative  thickness  of  this  formation  is  proportionally  less  in  thickness  in  its  westward 
•pread  than  represented  in  figure  117. 

Figure  2,  in  Chapter  II.,  representing  the  PalsBozoio  column  in  tiie  vicinity  of  the 
anthracite  coal-fields,  gives  the  thickness  of  the  Devonian  rocks  from  the  Ponent,  or  old 
red  sandstone,  to  the  Meridian  or  Oriskany  sandstone  inclusive,  at  15,000  feet.  These 
rooks  include  the  Catskill,  Chemung,  Portage,  Genesee,  Ilamilton,  Marcellus,  Upper 
Helderberg,  Schoharie,  and  Oriskany,  of  New  York. 

In  Venango  county,  and  Western  Pennsylvania  generally,  the  Ponent  entirely  dis- 
appears, and  all  the  formations  thin  rapidly  in  that  direction,  and  the  probable  thick- 
of  the  Devonian  oil-rocks  in  that  locality  may  not  be  more  than  from  1000  to  1500 

Fio.  188. 


OIL-BKARINa  ROCKS. 

DHOBimoH^— o,  a,  coal  meuuTM;  6,  millstone  grit;  e,  upper  or  heaTj  oili ;  d,  limestone,  increuing  in  thicknen 
towarde  the  lonthweat,  or  centre  of  the  Greet  Baein ;  c,  e,  c,  Mndrocks  of  Northwestern  PonneylTania ;  ^  lower  or 
Uflit  oils;  Pi  soticlinsls,  which  are  found  at  intenraU,  running  from  northeaat  to  southwest 

• 

feet  in  thickness.  In  Illinois,  and  the  Great  Central  coal-field  generally,  the  thickness 
of  the  formations  making  up  the  Devonian  is  not  over  300  feet,  as  shown  by  figure  128. 
In  Biissouri,  within  the  same  coal-field,  it  is  about  the  same,  as  shown  in  figure  131. 
Bot  the  distance  from  the  coal  or  sar&ce  to  theee  oil-bearing  rocka  is  much  greater  on 
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l|»]>«foniaii  zookfl  oonM  to  th«  sorfaM  in  the  deep  TftUeyi^  and  (he  millitniw  gntcf  tti 
ooal  fonnation  caps  the  highest  hills  firom  400  to  600  £Mt  above  ilie  lerelof  thestavM 
But  on  the  Qreat  Kanawha  the  millstone  grit  is  under  the  bed  of  the  riTer.  aaifti 
gedogioal  horiion  is,  consequentlj,  from  500  to  700  feet  higher  on  the  Kanairieit 
Obarleston  than  on  Oil  Creek  at  Sheafer;  and,  while  the  smndetonea  thin  in  a  nd^ 
wertsm  direction,  the  limestones  increase.  In  Yenangcv  the  limestone  •ferataaiitkh 
plates  of  only  a  few  feet  in  thickness,  while  below  the  Kanawha.  In  West  Ykginiiilkj 
fange  from  500  to  1000  feet  in  thickness,  and  ooonr  between  the  upper  or  hsaiyaib 
aod  tiie  middle  oils,  as  illustrated  in  figure  188. 

The  foregoing  figure  illustrates  the  gradual  thinning  or  deoreeee  of  the  wuubo^ 
end  the  thickening  or  inoreaNi  of  the  limestones,  towards  the  oentre  of  the  Grest  Bml 
'Favhaps  in  no  part  of  the  Appalaohian  formations  are  the  oonditiona  neoeasaij  fivli 
jtsklence  of  oil  so  &vorable  as  in  Northwestern  PennsylTania,  aa  we  mmj  here  haij 
describe  before  traciog  the  formations  farther  west ;  but  we  may  state,  aa  prdimiHiy, 
the  hct  of  the  interventbn  of  the  Carboniferous  or  Mountain  Umestone,  as  illiisbslii 
ia  figures  128  and  131,  between  the  upper  and  lower  oils  in  all  the  Western  8Ma 
TUs  limestone  is  only  3  feet  thick  on  the  northeastern  eeoarpment  of  the  Allfn^sifi 
abont  200  under  the  Ohio  at  Wheelin^^  and  over  1000  at  the  mouth  of  the  Qrestls- 
■avha,  and  through  the  West*  % 

0IL-BEGI0N8  OF  N0BTHWE8TSBN  VSSmYLTAtflA. 

Tb%  oil  wells  of  Venango  and  Tidnity  are  more  prodootive  than  Hioss  of  say  lA* 
repon  yet  developed,  and  the  geological  formation  of  this  portion  of  the  Allag^my  ss^ 
idd  would  lead  us  to  eipect  tlub  resalt  naturally. 

FlnL  The  several  oil-bearing  strata  are  here  l»on^  into  a  eompantiTdy 
thickness  by  the  thinning  of  the  sandsttmes  from  the  east  to  the  west^  and  the 
of  the  heavy  limestones  which  farther  to  the  southwest  overlie  the  Devonian  oil-fiiai' 
tion  and  greatly  increase  the  depth  at  which  they  exist  As  before  stated,  the  i|fs 
oils  are  always  the  thickest,  heaviest,  and  most  valuable,  because  the  more  vc^atik  psiti 
escape  when  near  the  surface ;  the  middle  oils,  or  those  which  exist  at  a  reasonable  dcfA 
from  the  surface, — say  from  three  to  six  hundred  feet  deep, — are  the  most  abendiiiL 
because  at  this  depth  it  exists  as  naphtha,  and  contains  the  greater  portion  of  iti 
hydrogen ;  but  at  a  greater  depth — say  from  1000  to  1500  feet — the  hydro-carbons  exist 
principally  in  a  state  of  gas,  which  to  the  present  time  has  not  been  utilised.  Tbm 
may  be  exceptions  to  ibis  depth  in  the  West,  since  there  we  may  expect  heavy  oib  stt 
greater  d^h,  on  account'of  the  lower  temperature  which  always  e^dsted  there. 

Second,  The  oil-formations  of  Northwestern  Pennsylvania  lie  aloti^  the  northeaikn 
outorops  of  the  Great  Basin.    Here  the  Devonfam  rocks  approagfc  the  miTlhcit 
their  oUs  within  a  practical  depth  bebw  the  infinenoaof  the  atmosphere  whieh 
and  above  the  chemical  action  which  holds  tiie  hydzo-caxbons  in  a  state  of  gsa 

TkM.  The  even,  undisturbed,  and  horiaontal  position  of  the  strata  in  tliis  nfissii 
extremely  favorable  to  the  existonee  or  presarvation  of  the  oil  in  its  ftnEBtria^  vUek 
are  thus  sealed  for  use.  The  fine-grained  toxtureof  the  sandstones,  and  their  solid,  as- 
broken  spread,  the  close  and  tonaoious  strata  of  shales  and  slates^  and  the  IntSfsslsliBg 
clays,  prevent  the  escape  of  the  gas  or  oil  in  exhausting  quantities. 

Fourth,  The  middle  position  of  this  region,  between  the  extreme  heat  of  fhe  8i>t 
and  the  low  temperature  of  the  West,  was  favorable  to  the  original  formation  cf  oil: 
and  this  we  think  one  of  the  great  secrets  of  the  abundance  of  oils  along  the  euAn^ 
portions  of  the  Great  Alleghany  coal-field. 

We  mi^t  assign  other  ressGUi,  but  the  foregoing  are  sufficisnt .  It.  wiU  he 
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howevef,  to  explain  more  fully  the  last  item,  siDce  this  may  acoonnt  for  tlie  formation 
of  oil,  as  well  as  its  abundant  existence  in  certain  localities,  and  limited  existence  in 
others,  within  the  Qreat  Basin. 

FORMATION  OF   THE  APPALACHIAN  OILS. 

We  haye  shown  that  the  vapors  of  carbon  produce  oil  direct  from  volcanic  sources 
lad  the  internal  heat  of  smouldering  subterranean  fires.  This  seems  too  palpable  a 
fact  to  need  moro  explanation  or  illustration ;  and,  since  we  can  see  and  comprehend  in 
tills  a  natural  and  probable  process,  it  is  neither  profitable  nor  necessary  to  seek  other 
theories  which  offer  no  means  of  demonstration.  Most  writers  on  this  subject  ascribe 
th«  production  of  rock-oil  to  the  organic  remains  which  lie  entombed  so  thickly  in  the 
Deronian  formations.  But  we  think  there  is  little  probability  that  all  the  millions  of 
Mollusca  entombed  beneath  the  rocky  crust  of  Venango  would  produce  the  flow  of  a 
■ingle  great  well  like  the  Noble,  the  Sherman,  or  the  Phillipa:  a  "shoal  of  whales'' 
would  not  produce  such  astonishing  results.  That  the  fat  of  these  ancient  inhabitants 
of  the  inland  sea  should  accumulate  in  certain  localities  to  produce  our  present  reservoirs 
of  oil  is  likewise  not  only  improbable,  but  impossible.  Liberated  oil  or  gas  always 
rises  to  the  surface  of  water,  and  this  ancient  life  could  only  exist  in  water,  and  only 
find  their  tomb  beneath  it,  from  whence  their  oil  must  ascend  to  the  surface  almost  im- 
mediately, as  the  results  of  pressure  and  heat.  It,  therefore,  could  never  again  sink,  or 
exist  beneath  the  water  in  the  shape  of  oil  or  gas,  but  only  as  coal  or  bituminous  shale. 

But  there  are  other  reasons,  more  conclusive,  against  the  theory  of  the  formation  of 
mI  fh>m  the  organic  remains  entombed  in  the  Devonian  oil-bearing  rocks.  Every  cir- 
Nunstance  of  the  formation  and  existence  of  the  strata  filling  the  Great  Basin  demon- 
ilrtttes  the  fact  of  heat  and  volcanic  violence  as  the  general  accompaniment  of  every 
peat  sandstone  formation,  and  the  palseontological  breaks  following  these  extensive 
fiHrmations  likewise  demonstrate  the  fact  by  the  destruction  of  life  during  these  periods. 
[t  is  evident,  therefore,  that  the  ancient  life  was  entombed  during  periods  of  great  heat, 
ind  that  its  oils  were  expelled  both  by  the  temperature  of  the  rocks  and  the  water,  and 
bj  the  pressure  of  the  rocky  strata  in  which  they  were  buried.  The  oil  thus  expelled 
iroald  then  rise  to  the  surface  of  the  water,  and  no  process  could  afterwards  seal  this 
nl  in  the  earth  except  in  the  form  of  coal  or  bitumen.  Never,  since  the  periods  of  time 
luring  which  those  great  changes  occurred,  have  the  conditions  been  so  favorable  for 
the  production  of  the  oils  from  the  organic  remains  or  fossils  of  the  Devonian  rocks, 
ind  these  fossils,  if  now  subject  to  test,  produce  less  oil  than  the  rocks  above  them. 
We,  therefore,  cannot  accept  this  theory  as  a  probable  or  a  possible  one  to  account  for 
ttie  existence  and  formation  of  petroleum. 

As  stated  and  demonstrated,  the  existence  and  production  of  petroleum  were  in  far 
ipreater  abundance  during  the  Carboniferous  era  than  before  or  since:  before,  because 
;he  heat  was  too  intense  to  admit  of  its  condensation  from  vapor  and  gas ;  and  since, 
t>eosu8e  the  temperature  of  the  earth  has  been  too  low  to  produce  the  vapor  or  gas  in 
ibandance.  The  Carboniferous  era  witnessed  the  waters  of  the  Great  Basin  covered 
irith  the  bituminous  results  of  petroleum,  like  the  pitch  lakes  of  Trinidad  and  Texas, 
ind  the  beds  of  coal  were  precipitated  by  their  own  weight  or  the  rapid  accumulations 
>f  the  rocky  strata  over  them  during  the  seasons  of  volcanic  action,  which  were  then 
ntermittent. 

The  lower  coal-beds  in  the  proto-Carboniferous  strata  are  limited,  and  even  the  first 
jeds  in  the  true  coal  measures  and  on  the  conglomerate,  or  millstone  grit,  are  compara- 
aTely  small,  impure,  and  thin;  but  the  succeeding  beds  are  in  some  localities  immense, 
IS  witness  the  great  Mammoth  bed  of  the  anthracite  regions  and  the  middle  beds  of  the 
ILUeghany  coal-field  generally.    But  we  again  witness  a  depreciation  in  the  upper 
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meMores,  and  the  last  beds  formed  are  thin,  few,  and  valnelaM,  baoiMB  the 
tore  ftt  this  period  was  much  lower,  and  the  prodootioii  of  petrolBum, 
much  less  abundant. 

It  is  natural,  however,  to  assume  that  the  gases  which  produced  the  petroleum  oafle 
surface  of  the  water  should  accumulate  still  at  a  greater  depth  after  the  oompMoatf 
the  Palaeozoic  column,  since  the  heat  receded  from  the  surface,  and  the  rocka  at  a  gnit 
depth  still  maintained  a  comparatiTely  high  temperature.  The  gases  thus  aoeomnlalfaf 
were  then  sealed  in  the  rocks  beneath  the  ooal  hj  the  dosing  of  the  pores  of  the  sMk 
by  contraction  and  condensation. 

That  this  process  continued  for  a  considerable  period  after  the  finrmation  of  our  gnit 
coal-beds  is  manifest,  from  the  fact  that  the  Deyonian  roeka  sire  impregnated  vflk 
bitumen,  which  could  not  have  resulted  prior  to  the  formation  of  coal,  because  the  gpi 
up  to  the  period  was  too  light  to  be  condensed  bj  the  heated  rocks:  indeed,  they 
tended  to  keep  the  gas  in  its  volatile  condition,  and  could  not  have  taken  up  the  bil 
of  the  condensed  gas,  forming  oil,  until  a  late  period. 

This  fact  is  further  demonstrated  by  the  absence  of  bitumen  in  the  Eastern 
tions  and  its  abundant  presence  in  the  formations  of  the  West.  In  the  East,  the  t» 
perature  was  much  higher  during  the  formation  of  the  massive  sandstones  which  hm 
predominate,  than  it  was  in  the  West,  where  the  limestones  aecnmnlated  during  tti 
same  periods.  Here  we  find  but  little  bitumen  in  the  rooky  strata,  hut  ikere  we  M 
bitumen  general  in  all  the  strata,  and  some  of  the  rocks  saturated  with  it,  as  Ihe  Or 
niferous  limestone,  for  instance.  Here  we  find  the  bitumen  resulUng  from  the  sip* 
abundant  vapors  and  the  subsequent  petroleum  in  massive  and  solid  beds  of  anthiadii; 
there  we  find  it  in  a  few  thin  beds  of  highly  bituminous  coal,  proTing  that  the  toipflfr 
tnre  was  lower  in  the  West  than  in  the  East,  and  that,  while  the  petroleom  prodMl 
was  originally  more  limited,  it  combined  with  the  rocky  strata,  in  "whioh  it 
instead  of  arising  to  the  surfaoe  of  the  water  to  form  large  beds  of  coaL 


VOLCANIC  INFLUENCES. 

We  are  aware  that  we  advance  a  new  doctrine  in  ascribing  the  formation  of  ourgMl 
sandstones,  carbon-H>ils,  and  coal-beds  to  internal  heat  and  volcanic  causes;  buttkN 
natural  processes  are  made  so  manifest,  and  all  the  coincidents  agree  so  harmonioadj, 
that  we  present  them  aa  facts  rather  than  theories,  and  we  believe  our  candid,  unpr^i* 
diced  reader  will  rejoice  to  find  the  creation  of  our  earth  in  its  present  form,  the  aoei> 
mulation  of  the  vast  Palawzoic  strata  of  the  Qreat  Basin,  and  the  formation  of  off 
immense  coal-beds  the  work  of  a  limited  period  compared  with  the  many  w*i1Iwmm  of 
years  required  by  the  present  theories  of  creation, — theories,  too,  let  us  remark,  oiigii' 
ally  advanced  by  the  infidel  writers,  who  triumphantly  flourished  them,  to  prove  thi 
BIBLE  a  myth. 

In  order  to  bring  the  subject  permanently  and  clearly  to  the  mind,  we  will  hereagui 
briefly  restate  the  arguments  and  facts  presented  in  the  early  pages  of  thiii  work  it 
describing  the  formation  of  the  Appalachian  strata. 


NATURAL.  PROCESSES. 

Volcanic  ranges  generally  exist  in  long  lines  along  the  weaker  axes  of  the  earths 
crust,  and  where  these  volcanic  vents  exist,  there  those  weak  lines  natorally 
where  the  condensed  vapors  and  lava  of  the  earth  first  find  vent,  there  it  will 
to  vent;  because,  while  other  portions  of  the  crust  are  growing  thicker  and  stronger  ii 
consequence,  these  points  remain  much  the  same.    They  always  exist  in  graaits 
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tioDfl,  though  frequently  overlapped  by  the  metamorphic,  and  sometimee  nearly  oovered 
bj  the  PalflBOBoio. 

The  great  ranges  of  volcanoes,  extinct  or  otherwise,  which  now  extend  over  the  face 
of  the  earth,  existed  in  the  early  days  of  creation  as  soon,  or  almost  as  soon,  as  its 
granite  crust  was  formed ;  for,  as  soon  as  condensation  and  oonsequent  contraction  took 
pUce,  the  confined  vapors  and  molten  matter  began  to  exist  in  a  state  of  tension,  and 
ftroed  their  way  through  the  accumulating  crust,  when  that  tension  became  too  great, 
in  long  and  immense  lines  of  volcanic  vents. 

Mountains  also  assumed  lines  rather  than  cones,  following  almost  invariably  the  vol- 
eanic  lines,  and  resulting  from  lateral  contractions,  which  naturally  formed  its  folds  on 
the  weakest  points,  as  represented  in  figure  6,  Chapter  III.  The  great  volcanic  lines 
Ibrmed  the  barriers  of  great  basins  or  seas,  since  they  occupied  the  highest  points  and 
the  water  the  lowest.  But  up  to  the  period  of  the  metamorphio  or  crystalline  stratified 
looks  the  earth  was  surrounded  by  vapors,  and  the  oxygen  and  hydrogen  only  combined 
to  form  water  when  the  temperature  admitted  of  its  existence  in  that  condition,  instead 
of  in  the  state  of  steam  or  vapor. 

The  metamorphic  rocks  were  formed  by  the  lava  vented  from  the  volcanic  ranges  into 
tli6  water  surrounding  them,  which,  being  hot,  crystallized  the  lava  deposited  as  sedi- 
■Mntl  On  being  thrown  into  the  water  in  a  molten  condition,  the  lava  was  shivered  to 
atoma,  and  thrown  up  into  the  air  with  steam  and  vapor,  to  be  carried  by  winds  and 
tidoi  and  waves,  as  ashes  and  dust,  to  remote  localities. 

This  process  must  be  rapid.  A  long  line  of  active  volcanoes,  reaching  perhaps  from 
Kova  Scotia  to  Cuba,  vented,  almost  without  intermission,  immense  streams  of  lava  into 
the  deep  waters  of  ancient  seas  forming  the  Great  Basin.  Such  a  process  would  not 
nqoiie  millions  of  years  to  form  our  metamorphic  strata:  perhaps  ^>fem  yeart  might 
•office. 

That  such  a  line  of  volcanic  vents  did  exist  along  our  Eastern  granite  range,  there  is 
ample  evidence  to  prove ;  and  that  such  was  the  process  by  which  not  only  our  metar 
norphic  but  our  great  Palseozoic  sandrocks  were  formed,  admits  of  palpable  demon- 
stration. 

We  find  the  basins  deepest  along  this  line  of  vents,  proving  the  depression  to  have 
been  greatest  here ;  we  find  the  strata  at  very  high  angles  of  inclination,  sometimes 
iDTerted,  in  evidence  of  the  lateral  contraction,  which  naturally  produced  its  apparent 
nsults  along  the  weakest  lines  of  the  crust;  we  see  a  vast  difference  in  the  thickness 
of  the  strata  here  than  elsewhere,  and  we  notice  that  it  gradually  grows  thin  and  fine- 
grained as  it  recedes  from  the  place  of  production.  It  is  plain  that  the  immense  plates* 
of  sandstones,  shales,  slates,  iron  ores,  and  coal  could  not  be  produced  by  rivers,  tides, 
waves,  or  other  causes,  from  the  wear  and  tear  of  higher  lands  surrounding  the  Great 
BasiD,  since  each  of  those  immense  horizons  is  the  product  of  one  cause,  one  operation, 
one  period,  and  is  formed  of  the  same  material  throughout.  Had  they  been  produced 
by  other  causes  than  volcanic  action,  they  would  have  presented  a  brtccia, — an  cUa 
podrida  of  divers  material. 

But  the  great  horizons  formed  by  the  Potsdam  sandstone,  the  Medina  or  Levant,  the 
Vespertine,  and  other  rocks  are  coextensive  with  the  great  Palaeozoic  basin  between  the 
Blue  Ridge  and  the  Rocky  Mountains.  They  are  invariably  thin  towards  the  West — 
mere  knife-edges;  but  along  their  Eastern  outcrops  they  are  of  immense  thickness. 
And  not  only  do  the  sandstones  present  this  evidence  of  their  source,  but  all  the 
•eoompanying  strata  present,  by  their  decreasing  thickness  and  coarseness,  evidence  of 
Toloanic  production  from  the  Eastern  line  of  vents. 

The  vapors  of  carbon  arising  from  this  great  region  of  heat  must  have  been  in  greater 
Tolmnes  than  anywhere  else  within  the  Great  Basin.  But  the  intensity  of  the  heat  pro- 
Tinted  their  condensation,  or  the  formation  of  oil,  until  a  comparatively  late  era,  along 
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fUi  range;  irhen  the  temperttture  penniitad  it,  w«  find  the 
bed«  of  anthracite  coal;  but  we  do  not  find  the  rocka  impgegnmtad,  bawma  Hi 
Mftlon  did  not  take  place  while  ascending  throngh  the  rpckj  atmite^  bat  Haoa^  M 
walen  of  our  deep  coal-baains,  on  the  nirface  of  whioh  it  floated  «id  gave  up  itiam 
volatile  hydrogen,  learing  a  resulting  bitumen  almost,  and  in  Boma  tmmm  «Btiiil7,ii> 
'void  of  hydrogen,  oxygen,  or  other  gases,  and  Apttre  carbon  in  the  shape  of  ■■thinlti 
ooaL  It  would  be  almost  impossible,  during  a  time  like  this,  or,  in  §kci,  mt  any  !!■%  fa. 
a  deposit  of  this  kind  to  form  on  the  surface  of  the  water  without  iSbm  addition  of  «Bf^ 
imparities  from  floating  dust,  ashes,  and  smoke  to  some  extent. 

ANTHRACITE  COAL. 

We  hare  before  stated  that  vegetable  matter  may,  and  in  all  probelnlity  did,  aUk 
producing  coal,  but,  we  believe,  only  to  a  very  limited  extent.  That  TegetatioB  pv 
hixuriantly  during  the  coal  era  there  can  be  no  doubt;  and  that  it  grew  in  the  lof 
basins  in  which  coal  was  formed  is  likewise  evident;  bat  that  the  woodj  flbre  of  n^ 
tation  formed  coal  is  not  only  doubtful,  but  contrary  to  aU  eridence,  and  at  vanaa 
with  the  coincidents  of  coal  formations.  It  may  have  formed  the  impniitiea  boeeni 
alate — of  the  coal,  but  never  its  pure  carbon.  The  woody  tissue  eappoeed  to  be  deMd 
1^  microscopic  examination  cannot  be  determined  in  pure  coal;  and  that  iband,  omf 
posed  to  bo  found,  in  the  ashes  of  ooal  is  no  criterion,  since  if  the  woodj  llbie  of  phii 
formed  any  part  of  a  coal-seam  it  must  have  been  the  earthy  parta  thereof. 

We  have  rarely  seen  a  foesil  plant  in  the  midst  of  a  ooal-bed  or  within  the  ooal;  W 
whenever  found  in  this  condition  it  is  no4  coal,  bat  Hate  or  home, 

A  specimen  may  be  seen  in  the  office  of  Messrs.  Connor  A  Pbttevaony  of  PoMwIt 
Pennsylvania,  which  demonstrates  this  fact.  Coal-plants  of  the  Garboniferona  ei^iii 
Ibssil  condition,  are  invariably  silicious  or  calcareoas,  and  partake  of  the  lithdajpeil 
character  of  the  formation  in  which  they  are  found. 

But  we  do  not  intend  to  deny  that  the  magnificent  flora  of  the  Oarboniferooa  era  aiU 
in  the  production  of  coal.  We  believe  it  did,  and  have  before  so  stated.  Tliat  tlis  M 
and  resinous  calamites,  coniferss,  Ac.,  which  were  fed  by  a  saperabnndance  of  esita 
and  carbonic  acid,  should  yield  oil  on  pressure,  there  cannot  be  a  doabt;  and  tiiat  Ikf 
were  subject  to  immense  pressure  between  the  rocky  strata  in  wlueh  they  now  cntii 
evident  not  only  by  their  flattened  forms,  but  the  fact  that  the  aoperincombent  sMi 
would  exert  such  an  influence  and  expel  the  resinous  oils  whioh  they  oontuned.  W 
'  oil  would  mingle  with  the  hydro-carbons,  and,  by  evaporation,  fbrm  bitumen ;  and  tha 
enclosed  in  the  strata  of  the  coal-measures  and  subject  to  preflBare»  would  proiaie 
ooal. 

We  gave  the  best  vegetable  theory  available  in  the  early  pages  of  this  book,  bat  sMei 
then  that  we  did  not  consider  any  of  those  theories  tenable.  We  are  now  poaitive  d 
the  fact,  and  state  positively  that  all  pure  coal-beds  are  formed  fmai  petroleum  or  A 
resulting  from  the  vapors  of  carbon  directly  or  indirectly,  as  above  set  forth. 

That  a  gradual  depression  of  our  great  coal-basins  did  take  place  ie  not-only  evidHt 
from  existing  facts,  but  the  natural  processes  of  condensation  and  oontraotion.  Itii 
not,  howover,  necessary  that  such  must  have  been  a  condition  to  aooount  for  the  foms* 
tion  of  our  coal-beds  and  the  accumulation  of  the  accompanying  measuree^  ainee  theie 
beds  and  the  rocky  strata  in  which  they  exist  would  form  as  regularly  and  unifawh 
in  basins  of  a  constant  depth  as  in  those  of  varying  depths. 

The  fact,  in  this  case,  that  coal-beds  are  invariably  thin  at  a  great  depth,  or  wan  » 
than  they  are  at  moderate  depth,  is  explained  by  the  simple  fiuit  that  they  must  bsTt 
ousted  originally  in  a  soft  and  plastic  condition,  and  were,  oonaequeutlyy  moved  hjikt 
great  pressure  of  water  and  sediment  resting  on  them  from  tiie  eentie  of  daep  baav 
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towards  their  edges,— a  fact  demonstrated  in  all  deep  basins,  except  that  of  Richmond, 
Tirginia,  where  the  irregular  form  of  the  intermediate  basins  prevented  such  a  move- 

flMHlft» 

I 

ABSENCE  OP  PETROLEUM  IN  THE  EAST. 

We  do  not  find  petroleum  in  the  deep  basins  of  the  East,  or  the  presence  of  bitumen 
ill  their  Devonian  rocks:  first,  because  the  high  state  of  temperature  tended  rather  to 
Tolatilize  than  condense  the  gases;  and  second,  because  their  high  angle  and  frequent 
mdulation,  caused  by  contraction,  gave  the  gases  a  full  vent.  We  cannot,  therefore, 
expect  ever  to  find  petroleum  east  of  the  Alleghanies,  and  not  always  to  the  west  of 
them,  except  beneath  the  wide  plateaux,  where  the  gases  are  condensed  and  seized  as 


If  petroleum  existed  cast  of  the  Alleghany  escarpment,  it  must  have  been  in  the  deep 
Deronian  basins,  which  lie  20,000  feet  below  the  anthracite  coal  formations;  and,  con- 
peqaently,  if  it  existed  now  at  such  a  great  depth  it  would  not  be  available. 

We  may  not  expect  to  find  rock-oil  in  any  large  amount  beneath  the  semi-anthracite 
Iwnns  or  the  semi-bituminous  basins  on  the  eastern  edge  of  the  Alleghany  field.  Nor 
Mn  we  expect  to  find  much  uf  it  in  the  detached  basins,  like  those  of  Sullivan,  Tioga, 
and  Lycoming  counties,  where  the  formation  is  cut  down  by  steam  below  the  level  of 
ih»  upper  or  heavy  oil.  If  the  second  reservoirs  exist  beneath  the  red  shale  in  such 
loealities,  the  depth  to  the  oil-bearing  stratum  would  still  be  very  great,  and  the  hydro* 
Mlbone  would  exist  in  a  state  of  gas  instead  of  rock-oil. 

GEOLOGICAL  POSITIONS  OP  ROCK-OIL. 

Figure  189  illustrates  the  several  horizons  of  petroleum  and  the  hydro-carbons  gene- 
nllj.  We  have  mode  the  gas  and  oil  reservoirs  or  strata  much  larger  in  proportion 
tfiaa  they  exist  in  nature;  but  we  wish  to  convey  the  idea  rather  than  the  actual 
■Mas, — ^which,  we  must  state,  can  only  be  conjectural.  A  stratum  of  oil,  even  if  large 
MMmgh  to  supply  for  years  our  great  flowing  wells,  would  appear  as  a  faint  line  only  if 
dnwn  to  a  scale  on  our  section;  and  the  thin  leaders  or  jets  of  gas  ascending  through 
Ifae  earth,  if  made  in  proportion  to  their  actual  sizes,  would  scarcely  be  seen.  In  this 
igue,  a  represents  the  general  level  of  the  Great  Kanawha  near  Charleston;  &,  the 
Nigion  of  heavy  petroleum;  c,  the  general  level  of  Oil  Creek;  d,  the  region  of  the 
noond  oil;  and  e,  the  lower  oil,  or  gas. 

Thesd  horizons  of  oil  seem  to  be  general,  but  they  are  not  invariably  of  the  consist- 
enee  here  specified.  For  instance,  the  lower  oil  formation  existing  in  the  Corniferous 
limeetone  of  the  upper  Silurian  rocks  may  be  2000  feet  deep  on  Oil  Creek  and  2700 
bet  beneath  the  Great  Kanawha,  and  its  hydro-carbon  exist  only  as  gas.  But  in  cer- 
tein  portions  of  Kentucky  this  rock  appears  to  come  near  the  surface,  and  in  Canada  it 
BEOpe  out.  In  the  oil-regions  of  Chatham,  in  the  vicinity  of  Lake  St.  Clair,  Canada, 
Kt  ie  .very  productive.  The  wells  there  are  from  300  to  500  feet  deep,  and  tlie  oil  pro- 
datied  is  a  fair  petroleum,  of  about  the  same  density  as  that  produced  in  Oil  Creek, 
Pennsylvania,  at  the  same  depth.  The  second  oils,  in  the  shallow  wells  of  Northwestern 
Plennsylvania,  are  only  from  33°  to  38°  Beaum^'s  hydrometer,  and  in  the  deep  wells 
bom  46^  to  50°;  but  under  the  Great  Kanawha  it  exists  principally  as  gas  or  the 
lightest  naphtha.  It  thus  appears  that  the  density  of  the  oil  depends  more  on  its 
proximity  to  the  surface  than  on  the  geological  horizon  in  which  it  exists. 

As  before  observed,  the  volatile  parts  escape  when  exposed,  or  when  the  means  of 
escape  are  ofiered,  and  condensation  takes  place  in  consequence.  On  long  exposure, 
nothing  but  the  solids  is  left,  and  whether  exposed  to  a  moderate  heat  or  cold,  the  same 
lihing  happens;  but  under  a  low  temperature  bitumen  is  left,  composed  of  carbon, 
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^'hcQ  the  temperature  of  Totcent 
.  ~  regions  was  reduced  to  the  prnptr 
standard,  or  below  the  boiling-point; 
aad    second,    because     neither  ih 

lilhologieal  Btmctnre  nor  the  phvaol 

fmtnrGs  of  such   regions  admil*  <t 
thuir  retention  or  formation  in  ex- 
tensive  fields.     We    find   petroleeB 
existing  abundantly  in  Cuba,  njiirk 
is  a  Tolcanio  region  of  late  actiri^, 
■    and  we  find  coal  in  the  crater  of  *a 
=    extinct   volcano,    eg    tbe    Ricbm<aii 
g    conl-field,  in  Virginia,  which  wm  of 
^   much  older  octiTity,  and  ypt  matk 
more  recent  than  the  true  Ctrbea- 
tferous  foreiationa. 

In  volcanic  regiona  the  tempeia- 
turo  is  naturally  high,  and  it  n- 
mfunedhigh  even  when  it  became  k* 
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m  Uie  centre  of  the  Groat  Basin.  The  volcanoes  of  the  East  continued  to  vent  their  IsTa 
milil  the  highest  sand  rocks  in  our  coal  measures  were  formed;  and  the  fact  of  a  con* 
tinual  increase  of  hitumen  from  the  East  towards  the  West  proves  that  the  temperature 
dacreased  in  the  same  proportion  in  that  direction.  We  find  that  the  hydro-carbons 
were  produced  in  greater  abundance  in  the  East  than  the  West;  but  we  find,  too,  that 
nearly  all  their  volatile  matter  was  expelled  on  the  Lehigh,  less  on  the  Susquehanna, 
ud  still  less  on  the  waters  of  the  Juniata:  yet  our  coal-beds  are  of  an  immense  thick- 
iMfs,  individually  or  as  an  aggregate,  in  the  East,  and  very  limited  in  the  West. 
Though  more  than  half  the  volume  of  the  oil  was  expelled  in  the  East  by  the  higher 
temperature,  we  still  have  a  greater  residue  left  than  in  the  West,  where  the  low  tem- 
perature admitted  of  the  solidification  of  the  oil  with  half  its  volatile  matter  remaining. 
This  is  proved  by  the  fact  that  anthracite  coal  in  the  Lehigh  basins  contains  scarce  a 
trace  of  hydrogen  or  other  volatile  matter  than  water ;  while  the  cannel  coal  of  Kanawha 
and  some  of  the  rich  bituminous  coals  of  the  West  contain  more  than  half  their  weight  in 
volatile  substances.  Between  these  extremes  of  temperature  exists  every  grade  of  cool, 
ftom  the  pure  carbon  of  the  hard  anthracites  to  the  bitumen  of  the  most  volatile  cannel. 

The  causes  of  this  ore  evident :  first,  a  gradual  removal  from  the  volcanic  regions  of 
heat;  and  second,  a  gradual  elevation  from  the  internal  heat  of  the  earth,  by  the  con- 
■tant  accumulation  of  the  Palaeozoic  strata  in  the  waters  of  the  Great  Basin.  The  same 
oaiues,  of  course,  afiect  the  present  existence  of  oil,  as  they  afiected  the  production  of 
OoaL  We  see  that  the  quantity  of  coal  decreases  in  a  westward  direction,  as  all  the 
■tratified  rocks  decrease:  cunsev^uently,  the  volumes  of  gas  arising  and  the  oil  and 
Vitumen  resulting  must  havo  been  in  relative  proportion.  That  is,  the  oil  was  limited 
ihen,  as  the  coal  is  limited  now,  and  the  some  may  be  said  of  the  proportions  to-day. 
Much  of  the  bitumen,  however,  of  the  West  is  taken  up  by  the  rocks  through  which  it 
arose  to  the  surface,  because  the  condensation  took  place  at  a  lower  point  there  than 
farther  east  in  the  Alleghany  coal-field.  But  it  is  against  all  reason  and  the  laws  of 
chemistry  to  expect  the  bitumen  of  the  rocks  to  produce  oil.  It  requires  heat  to  effect 
this;  and  that  which  did  not  produce  it  during  early  ages  cannot  produce  it  now.  If 
the  rocks  now  holding  bitumen  obtained  their  bitumen  from  the  ascending  oils  or 
organic  remains,  as  they  must  have  done,  because  they  were  cool  enough  to  condense 
it,  can  it  be  possible  for  them  to  yield  it  again  in  oil  or  gas  if  they  continue  to  grow 
oolder?  It  is  evident  that  heat  alone  can  produce  oil  or  gas  from  the  bituminous  rocks; 
and  since  they  certainly  are  not  accumulating  heat,  even  if  they  do  not  grow  colder, 
they  can  never  give  up  their  bitumen  as  oil  in  nature.  The  Corniferous  limestone  will 
yield  its  bitumen  in  the  sun,  as  may  be  seen  at  the  celebrated  **  oil-stone"  church  in 
Chicago ;  but  if  left  in  the  earth  the  oil  would  never  bo  disturbed.  This  is  a  plain 
statement  of  fact ;  there  is  no  theory  about  it,  and,  therefore,  it  upsets  entirely  the  doc- 
trine which  accounts  fijr  the  production  of  rock-oil  from  the  organic  remains  of  the 
fossiliferous  Devonian  strata. 

We  find  by  practical  experience,  as  we  argue  from  cause  and  effect,  that  no  available 
rock-oil  exists  in  the  Eastern  basins  or  the  Devonian  rocks  east  of  the  Alleghany  escarp- 
ment, for  reasons  before  stated ;  and  we  find,  by  the  same  processes,  that  but  little  available 
|Mtroleum  exists  in  the  great  regions  west  of  the  Ohio  and  the  Mississippi,  but  less  and 
less  in  a  westward  direction :  first,  because  it  was  never  so  abundant  in  the  West  as  in 
the  East;  and  second,  because  the  petroleum  of  the  Devonian  rocks — its  most  abundant 
region,  generally^ics  t(x>  deep  below  the  surface  to  exist  in  the  state  of  oil,  if  it  exists  at 
all.  The  mountain  limestone  is  over  one  thousand  feet  thick  in  the  Great  Central  coal- 
field ;  and,  therefore,  through  a  great  portion  of  this  field  the  Devonian  oil-formation 
must  be  from  1000  to  2000  feet  below  the  surface,  at  which  depth  the  hydro-carbon 
exists  principally  in  a  state  of  gas. 

The  Great  Central  coal-field  of  Indiana,  Kentucky,  Illinois,  Missouri,  Iowa,  and 
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€f  petrolenm  is  aboat  one  thousand  feet.  But  there  most  of  the  productive  wells  have 
been  started  from  four  to  six  hundred  feet  below  the  coal  measures.  The  same  oil- 
ftrmaiion  exists  beneath  the  coal-field  to  the  south,  but  the  coal  comes  down  gradually 
to  the  level  of  the  rivers  and  streams,  and  eventually  passes  under  them  in  that  direc- 
tion. In  such  localities  the  depth  of  the  oil  will  be  from  1000  to  1500  feet ;  and,  as 
before  observed,  at  such  depth  the  hydro-carbons  exist  in  a  state  of  gas.  Continuing 
•till  south  and  west,  the  Carboniferous  limestone  increases  rapidly  in  thickness,  and 
dmdes  the  Devonian  oil-/ormation  from  the  coal  measures.  It  is  only  throe  feet 
thick  on  the  Alleghany  escarpment,  two  hundred  feet  beneath  the  Ohio  at  Wheeling, 
aikd  one  thousand  foet  thick  under  the  Great  Kanawha.  This  increase  of  the  mountain 
limestone  places  the  region  of  the  second  oils  in  a  southwestern  direction  beyond 
ttvailable  dejith,  under  present  developments^  but  the  time  will  come  when  both  the 
mMLns  to  reach  those  deep  hydro-carbons  and  the  means  of  utilizing  their  gases  will  be 
obtained. 

The  most  available  regions  of  petroleum  in  the  great  Alleghany  coal-field  will,  there- 
fiyre,  be  found,  whe^B  the  Devonian  rocks  are  most  accessible,  within  the  wide  and  un- 
dulating plateau  bofore  mentioned ;  and  perhaps  it  will  bo  found  in  greater  quantities 
•loDg  their  eastern  margins  than  on  their  western  outcrops. 

Where  the  anticlinals  sink  beneath  the  coal  measures,  and  yet  preserve  to  some 
•stent  their  shape,  it  is  manifest  the  oil-rocks  will  be  nearer  to  the  surface  than  in  the 
basins,  and,  consequently,  bring  the  oil  within  available  distance.  This  feature  is  repre- 
mited  at  r/,  in  figure  188,  and  may  be  studied  at  what  is  erroneously  called  the  "Great 
Upheaval"  on  the  Little  Kanawha. 

But  within  certain  portions  of  the  coal-field,  where  the  base  of  the  barren  measures 
fains  the  bed-rocks  of  the  streams,  the  upper  petroleum  may  be  found  in  available 
quantities  in  wells  of  600  or  700  feet  deep,  or  just  beneath  the  millstone  grit.  At  lower 
geological  levels — say  from  the  lower  Freeport  seam  E,  or  even  from  the  great  seam  of 
Karthaus,  B — the  upper  oils  may  be,  and,  in  fact,  are,  found  productive  at  less  depth. 
Tbe  tipper  oil-rocks  produce  most  of  the  petroleum  on  the  Little  Kanawha  and  in  all 
the  region  between  that  point  and  the  second  oil-rocks  of  Northwestern  Pennsylvania,  all 
the  oil  of  Ohio,  the  Great  Kanawha,  and  Western  Kentucky,  simply  because  the  second 
oil-formation  exists  at  a  great  depth,  and  the  auger  has  not  yet  penetrated  it,  except 
on  the  Great  Kanawha,  where  the  salt-makers  have  reached  its  gaseous  fountains,  and 
there  its  flow  has  been  terrific,  as  gas. 

PRACTICAL   OBSERVATIONS. 

It  may  be  difficult  to  ascertain  from  the  foregoing  description  where  the  most  avail- 
able points  to  bore  for  oil  may  exist.  We  will,  therefore,  briefly  state  a  few  practical 
observations. 

The  most  productive  region  of  petroleum,  as  before  stated,  exists  within  the  broad 
plateau  extimding  from  the  western  anticlinals  of  the  Alleghany  coal-field  to  and  per- 
haps beyond  the  Ohio  River.  We  can  scarcely  state  a  given  line,  but  may  say  that 
little  petroleum  can  bo  expected  within  the  eastern  basins:  all  or  most  of  it  exists  on 
the  western  declivities. 

To  select  good  boring  territory  within  this  great  region,  several  important  geological 
observations  must  l;e  made.  First,  it  must  be  remembered  that  the  most  abundant 
fountains  of  oil  exist  at  from  about  400  to  700  feet  from  the  surface;  second,  that  more 
oil  may  justly  be  expected  from  the  second  than  the  first  formation  of  oil-rocks;  third, 
that  the  first  formation  exists  at  from  100  to  400  feet  below  the  coal  measures ;  fourth, 
that  the  second  formation  is  about  1000  feet  below  these  measures  where  the  Carbon- 
iferous limestones  do  not  exist,  and  1500  feet  where  it  does  exist;  fifth,  the  lithological 
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ftnuture  must  be  uniform,  and  nearly  horisontal;  sixths  there  mast  be  no  iteep  dipt  or 
dikes  or  abundant  gas-fissures  in  the  ricinity. 

Bj  obserring  these  lithological  and  topographical  features,  oil  may  be  found  in  afawMt 
any  part  of  the  wide  region  described,  provided  wells  are  not  put  down  where  the  foraia- 
tion  comes  too  near  the  surface,  nur  where  it  is  too  deep;  for  in  the  first  place  little  or 
no  oil  will  be  struck,  and  in  the  second  nothing  but  gas  will  be  fimnd. 

GEOLOGICAL  HORIZONS  OF  PETROLEUM. 

It  is  generally  supposed  that  rock-oil  exists  in  fissures  or  cracks  running  across  the 
strata  and  extending  obliquely  or  perpendicularly  towards  the  surface ;  but  this  theory 
is  contrary  to  experience  and  the  nature  of  petroleum.  In  the  first  place,  oil  is  alwaji 
found  on  certain  horizons, — below  a  special  sandrock  in  Venango,  and  at  a  uniform  geo- 
logical depth  in  other  localities;  and,  in  the  second,  if  oil  existed  in  fissures,  it  would  loog 
ago  have  ceased  to  bo  oil,  and  become  solid  bitumen  from  the  escape  of  the  volatile  psrte. 

In  all  oil-producing  regions  the  strata  are  nearly  horisontal,  but  haying  a  gentle  incli- 
nation and  a  basincd  shape ;  but  all  such  basins  are  necessarily  extensive,  because  tbe 
low  angles  of  dip  increase  the  distance  between  the  outcrops.  The  natural  positicDof 
oil  in  the  strata  is  similar  to  that  of  coal.  It  occupies  certain  horizons  between  tbe 
strata,  perhaps  irregularly,  but  always  below  heavy,  close-grained  sandrocks,  which  m 
impervious  to  the  escape  of  oil,  and  almost  impenetrable  to  the  most  volatile  gas,  eren 
under  the  highest  state  of  tension:  were  it  not  so,  but  little  oil  could  ever  accumulate 
beneath  them. 

Beneath  each  heavy  sandrock  of  Venango,  and  Northwestern  Pennsylvania  genersBj. 
is  found  a  soft  and  yielding  stratum  of  shale,  slate,  and  mud.  In  these  strata  the  gai 
and  oil  find  a  lodgement,  as  the  first  point  of  condensation.  Arising  through  the  roeta 
below  in  a  gaseous  condition,  the  nearer  it  approaches  the  surface  the  less  volatile  it 
becomes,  and  is  arrested  by  the  first  impervious  stratum. 

The  third  sandrock  of  Venango,  however,  does  not, seal  all  the  oil:  the  morevolalOe 
portions  still  find  their  way  through  the  third  and  even  the  second  sandstones,  and  form 
limited  deposits  of  oil  between  them ;  but  the  lower  or  third  rock  seems  to  hold  the  gnit 
fountains  of  petroleum. 

The  stratum  of  oil  thus  formed  may  not  occupy  a  perfect  geological  horizon,  sineetke 
shale  in  which  it  is  found  varies  in  thickness,  and  the  oil  may  find  a  cavity  in  any  put 
of  it, — at  the  bottom,  in  the  middle,  or  at  the  top  of  the  stratum.  Though  the  drill  murt 
invariably  penetrate  the  covering  sandrock,  it  may  not  tap  the  fountains  of  oil  at  thtt 
depth.  It  is  possible  that  the  depth  of  wells  almost  side  by  side  may  vary  20  or  30 
feet,  or  more,  to  reach  the  same  oil-formation.  A  stratum  of  oil  cannot  be  of  great  thick- 
ness. It  may  be  only  a  few  inches,  or  one  and  even  two  feet  thick;  but  it  may  also  be 
a  mere  streak,  or  the  rocks  may  close  or  "pinch"  it  out  entirely.  Thus,  the  stratum 
may  extend  from  ten  to  one  hundred  yards  in  width,  and  from  a  hundred  yards  to  milei 
in  length,  or  it  may  be  even  more  limited  or  more  extensive.  It  may  change  froD  t 
lower  to  a  higher  position  in  the  shale,  thus: 


."{ 


and  the  auger  may  strike  a  flowing  well  at  4,  only  a  limited  pumping  well  at  3,  thoogh 
but  a  few  yards  distant,  and  nothing  in  the  shape  of  oil  at  0. 

If  oil  existed  in  fissures  running  obliquely  or  perpendicularly  to  the  strata,  it  niigbt 
be  found  at  almost  any  depth  from  the  surface,  and  in  the  most  irregular  manner,  w&r 
out  regard  to  the  sandrocks.    But  fissures  in  rocks  existed  naturally  and  originallj  M 
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Tenti  fbr  tb«  inlvnial  li«at  or  gaaea  of  tho  Hrth,  uid  gannaU;  extended  to  the  ntrftoa; 
and  wen  thcM  the  reMrroin  of  oil,  ve  cannot  see  bow  the  ligbt  uKpfatfaa  oonld  be  n- 
tiined,  BiDoe  tbe  ToUtile  parts  would  escape  throngb  erery  crock  or  veot  to  the  sarfaoe, 
and  leare  nothing  bat  bitumen  u  a  residue. 

Figure  IDO  illuBtratea  clearlj  the  action  of  gas  in  producing  the  flow  of  petroleum 
fitMD  oil-wells.  The  stratum  of  oil,^  is  elwajs  the  lowest,  while  tbe  gas,  b,  is  always 
the  bigbesi,  and  occupies  caTities  in  the  shale  invariably  abote  those  ooDtainiug  oil. 


DnojpTio!!.— a,  HovIdi 


fell ;  b.  fu,  uid  well-prodndug  gna ;  c.  cf.  r. 


These  cavities,  as  before  stated,  are  irregular;  they  may  exist  one  above  the  other,  or 
Hiej  may  be  located  at  coDsidcrable  distances  apart,  and  yet  com mu nitrate,  sioce  the  <nl 
II  tbe  reeult  of  the  gas  in  a  condensed  state:  tberefore  a  oommunicatioa  must  exist  be- 
tween the  rcserTuirs  of  oil  and  the  gas  producing  them. 

ThesD  goaca  alwaj's  exist  in  a  high  state  of  tension,  since  this  aconmulation  has  been 
gradual  and  almost  irresistible.  In  many  cases,  when  struck  by  the  au^r  and  thus 
relieved,  they  have  rushed  forth  from  tbe  well  with  the  violence  of  exploded  gunpowder, 
and  have  ejected  the  pondcroua  borlng-toole  out  of  the  hole  and  to  great  distances  from 
tbe  spot.  It  is  thus  maoifest  that  the  pressure  of  the  confined  gases  on  the  oil  must  be 
vary  great;  and  when  the  auger  descends  iuto  an  oil-cavity,  without  JjrsI  striking  its 
OonuDunicutiug  gas,  the  prcaHuro  on  the  oil  must  cause  it  to  rush  up  the  au^r-hole  with 
great  tIoIcdcc.  But,  if  tho  gas  bo  first  cut  in  largo  quantities,  of  course  it  will  flow  up 
the  bole  independent  of  the  oil.  In  case  tho  hole  is  then  continued  into  the  oil,  it  will 
depend  on  tlie  equilibrium  of  prenaurc:  that  is,  If  tho  gas  forces  its  way  through  tbe 
nnt  first  made  by  tho  auger  with  more  violence  than  it  bears  on  the  oil,  little  or  no  flow 
will  ucL-ur ;  but  if  the  profaure  be  nearly  on  equilibrium,  the  flow  will  be  intermittent. 
If  the  gax  escapes  through  the  upper  or  first  vent,  so  as  to  relieve  its  pressure  on  tbe  oil, 
then  what  oil  may  bo  struck  must  be  pumped.  If  both  oil  and  gas  exist  in  small 
quantities,  nnd  the  proaaure  or  tcnaion  ia,  in  consequence,  weak,  then  pumps  must  also 
be  used  tu  obtain  the  oil. 

Figure  100  illui<tratc;)  Ijuth  gas  and  flowing  wells,  when  both 
exist  in  tho  aumo  formation ;  but  at  a  great  depth  gas  alone  is 
found,  indopcndcnt  of  petroleum ;  and  figure  191  illustrates  this. 
In  its  hiirizon  or  position  gas  occupies  a  higher  stratum  than 
oil.  when  both  exist  together,  but  when  gas  exiata  independent 
of  petroleum,  its  Rcologii-al  horizon  ia  found  at  a  much  greater 
depth  and  in  a  still  greater  atalo  of  tension,  and  when  atmck 
rushes  forth  n-itli  still  greater  violence,  as  demonstrated  by  the 
terrific  outburst  of  gaa  from  tho  deep  wells  on  the  Orcat  Ka- 
nawha. But  tho  great  pressure  of  this  deep  gas  forces  small 
quantities  of  its  moat  volatile  parte  through  the  minute  crevices  of  the  rocks  to  tiie  anr- 
flkoe,  and  if  cavities  are  found  in  any  slaty  strata  reservoirs  of  oil  are  formed,  which 
B  tbe  upper  or  heavy  oils  of  Kanawha.    It  may  seem  strange  that  ao  light  ft 
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gas  should  form  this  heavy  oil,  bat  it  is  produced  on  the  same  principle  on  which  all 
heavy  oils  are  produced,  viz. :  by  the  condensation  of  the  gas  and  the  escape  of  its  most 
volatile  parts.  The  carbon  which  constitutes  from  ono-third  to  one-half  the  volume  c£ 
this  light  gas  has  little  or  no  affinity  for  hydrogen  when  in  a  cold  condition :  therefore 
tlie  carbon  condenses  or  separates  from  a  portion  of  the  hydrogen,  leaving  it  free,  asd 
the  result  is  a  carbon  oil,  containing  85  carbon  and  15  hydrogen.  A  further  evaporatkm 
of  the  hydrogen  leaves  the  carbon  in  all  stages  of  density,  from  a  heavy  oil  to  bitumen 
and  coal. 

THE   DISTRIBUTION   OF  PETROLEUM. 

Wc  shall  say  but  a  few  words  on  this  subject,  since  its  distribution  within  the  Grett 
Basin  has  been  pretty  thoroughly  discussed  in  the  preceding  pages,  while  its  existence 
in  volcanic  regions  has  also  been  mentioned.  Its  general  distribution  through  all  form- 
ations and  in  all  quarters  of  the  earth  is  generally  known.  Wo  will  only  call  atten- 
tion to  a  few  localities  where  oil  is  found  in  conditions  differing  materially  from  those 
described. 

The  petroleum  of  Canada  does  not  differ  from  that  of  Pennsylvania,  though  geologists 
assign  it  to  the  Cornifcrous  limestone  or  the  third  oil-formation :  on  this  subject,  bow- 
ever,  there  is  some  disagreement,  since  others  place  it  in  the  second  formation,  and  on 
the  same  geological  horizon  with  that  of  Venango.  Wo  have  not  given  the  suljeei 
much  attention,  and  will  not  attempt  to  decide  in  which  formation  it  is  found.  Bat 
whether  its  geological  horizon  be  higher  or  lower,  it  cannot  alter  tho  fact  of  its  ezisteaee 
in  tho  same  form  and  in  the  some  circumstance  and  conditions  as  found  in  Venaogo 
county,  Pennsylvania. 

If  it  exists  in  the  lower  Devonian  or  upper  Silurian,  the  rocks  containing  it  cone 
near  to  the  surface  where  the  Canadian  petroleum  is  found,  and,  though  tho  some  forms- 
tion  may  bo  over  2000  feet  deep  under  Oil  Creek,  it  is  only  from  300  to  500  where 
found  in  Chatham  county,  near  Lake  St.  Clair,  in  Canada.  At  the  greater  depth  under 
Oil  Creek  it  would  exist  as  gas  only,  but  at  tho  Canadian  wells  it  would  naturally  be 
condensed  as  oil,  from  tho  escape  of  the  hydrogen. 

Tho  oils  of  California  and  all  or  most  of  the  great  region  west  of  the  Rocky  3I(iiui- 
tains  are  principally,  if  not  entirely,  of  volcanic  origin,  and  exist  in  tho  vicinity  of 
volcanic  regions.  The  many  scatiered  deposits  of  coal  of  a  later  date  tiian  the  true 
Carboniferous  prove  the  fact  of  their  volcanic  origin,  since  they  arc  fcnind  in  almoet 
every  litholo<<;ieal  formation.  Like  the  eastern  coal-fields  of  Massachusetts,  Virginia, 
and  North  (^iroliua,  they  were  only  created  when  the  temperature  of  the  great  volcanic 
ranges  in  wliich  they  are  located  admitted  of  the  condensation  of  the  gases,  which 
naturally  must  have  been  of  much  later  date  than  in  the  comparatively  temperste 
regions  at  a  diHtuuce  in  the  waters  of  tho  Great  Basin. 

Wo  cannot  refrain  from  noticing  the  fact  again  in  this  connection,  to  call  the  attention 
of  tho  thinking  reader  to  the  uniformity  and  beauty  of  every  coincident,  when  we  refer 
tho  production  of  coal  indirectly  to  the  vapors  of  carlx)n,  and  directly  to  the  resulting 
potroloum  and  bitumen. 

Wo  no(Hl  not  state  that  vapor  or  gases  enshrouded  the  earth  when  a  thousand  volcanoes 
ventcMl  th('ir  stronms  of  molten  lava  into  the  wat^'rs  that  filled  its  deep  places;  nor 
need  it  ]»o  argued  tliat  the  vapor  of  carbon  and  the  hydrogen  of  water  should  unite 
under  tlic  heat  producinl,  forming  carburetted  hydrogen  gas. 

This  could  not  result  in  oil  under  the  heat  that  existed  in  the  vicinity  ot  volcanie 
notion ;  but  at  a  distance,  where  the  molten  lava,  shivered  by  its  contact  with  water, 
pr4H*ipitate<l  us  sediment  in  tho  waters  of  the  wide  Appalachian  basin,  tho  temperature 
wouhl  1)0  much  reduced,  and  tho  carbon  would  part  with  much  of  its  hydrogen,  and 
booumo  in  consot^uenco  petroleum. 
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In  OTerj  great  coal-field  known,  a  proceBS  similar  to  this  took  place.  In  the  Welsh  an- 
thracite field  it  was  almost  identical,  and  in  the  Great  Northern  coal-field  of  Northum- 
berland and  Durham  in  England,  while  the  manner  of  its  production  might  have  been 
quite  different,  the  principle  was  the  same.  There  the  oil  forming  coal  might  not  be 
deriTed  from  distant  sources  of  heat,  but  the  great  dikes  penetrating  the  coal-field  might 
have  produced  the  vapor  and  gas  of  the  hydro-carbons.  These  dikes  are  of  all  fyges. 
The  "  whin-silP'  underlies  the  coal,  while  the  great  ninety-fathom  dike  reaches  the  sur- 
face. At  some  points  the  coal  has  been  formed  on  the  dikes,  and  of  course  subsequent 
to  their  formation ;  while  at  others  the  trap  invades  the  coal  measures  from  bottom  to 
top. 

The  debris  forming  the  rocky  strata  may  have  been  partially  derived  from  the  vol- 
canic dikes  piercing  the  field,  but  in  all  probability  the  sedimentary  matter  was  derived 
from  more  distant  sources.  It  is  not  essential,  however,  to  the  correctness  of  the  theory 
given  that  the  hydro-carbons  should  be  derived  in  part  or  in  whole  frum  the  heat  of 
looal  volcanic  action,  nor  do  we  feel  at  all  confident  that  such  was  the  case.  It  is  equally 
or  perhaps  more  probable  that  both  the  regions  of  heat  and  the  sources  of  the  rocky 
material  were  remote  from  the  English  fields  of  bituminous  coal.  We  find  our  Western 
eoal-fields  and  the  accompanying  strata  over  a  thousand  miles  from  their  sources  of  pro- 
duction. 

Petroleum  has  been  produced  and  utilized  for  centuries  in  Burmah,  and  it  is  reported 
the  production  has  amounted  to  over  half  a  million  barrels  annually.  The  wells  do 
not  appear  to  be  deep,  but  are  generally  large  excavations,  into  which  the  oil  rises  con- 
tinually, giving  off  its  more  volatile  parts  and  remaining  as  a  heavy  oil.  Nothing  posi- 
tire  has  come  beneath  our  notice  in  regard  to  the  geology  of  this  district,  though  it  has 
been  said  that  small  seams  of  impure  coal  or  bitumen  exist  below  the  oil-wells.  Our 
impression  is  that  it  must  be  a  volcanic  region,  and  that  the  oil  is  constantly  produced 
ma  it  is  produced  in  Cuba  and  Trinidad,  rising  from  the  volcanic  sources  of  heat 
through  the  strata  to  the  surface. 

The  naphtha  of  Persia  has  been  celebrated  for  a  long  period,  and  has  been  used  for 
•acred  oblations  and  light  in  the  pagan  temples  for  ages.  It  is  lighter  than  the  Penn- 
sylvania petroleum  generally,  but  about  the  consistency  of  the  oils  produced  from  our 
deep  wells.  In  regard  to  the  formation  and  geological  character  of  the  Persian 
naphtha  we  can  say  nothing. 

In  China  petroleum  has  been  long  used.  It  is  found  in  several  localities;  but  we  have 
only  one  to  note,  in  which  it  exists  in  much  the  same  geological  condition  and  position 
AS  it  is  found  on  the  Great  Kanawha  in  connection  with  coal  and  salt.  The  oil  is  very 
light  when  first  exposed,  or  when  found  at  a  great  depth  from  the  surface,  but  becomes 
thick  on  exposure.  Gas  is  frequently  struck  in  the  salt-wells,  which  are  often  over  1500 
feet  deep;  and  sometimes  its  discharges  are  so  violent  and  terrific  as  to  suspend  all 
operations  in  the  vicinity. 

When  the  gas  thus  emitted  becomes  ignited,  the  effects  are  tremendous  and  fearful,  as 
shown  by  late  experience  in  Northwestern  Pennsylvania,  and  by  former  accidents  on 
the  Great  Kanawha. 

DISTILLATION  OF  COAL-OIL. 

We  have  collected  and  prepared  a  large  quantity  of  materials  on  the  subject  of  petro- 
leum and  coal-oil, — enough,  in  fact,  to  fill  a  work  as  large  as  the  one  before  us;  but  both 
time  and  space  admonish  briefness,  and  we  are  necessarily  forced  to  abandon  the  idea 
of  presenting  an  exhaustive  treatise,  or  even  an  epitome  of  the  many  subjects  that 
naturally  present  themselves  for  examination. 

Though  many  have  written  on  these  subjects,  none  have  examined  and  discussed 


i\';(\  .T.TVSii.k'.vM. — rra  'rEOLrjOT.  distribution,  etc. 


♦ 


A  ^» 


li^m  Mrnrt'K^itllr  uid  ii«*n  7-r.  nmaiiu  mach  to  be  said  and  learned  in  regard  to  tlwir 
lit  I  lit-  tta  T'-il  iM  'hif!7  •*.hAn*rT«r  and  pitxluotioDii.  A  work  on  this  subject  c<*uld  mk 
full  •«*  '1"  .iiTiT'^Hr.injE  and  useful.  We  have  searched  in  Tain  for  sumethinc  praoticalin 
fn|.«ii..i.  '.,  *{.•;  '/rigin  of  petrultfum  and  A-aJ  oil.  but  hare  read  or  hearl  of  no  rablio- 
tf.ii  '.f  til"  rhnnwtfT  denired.  Manv  wf  th»?  h^'k*  f.uMi>hoiJ  on  the:»e  ^u-jr^rt*.  howeTtr, 
nrii  iiit<Tf'r(iin^,  and  preMot  infurmatioQ  Den-  to  the  public;  but  m«j«t  of  them  in 
riiiiibliii}:.  indi'tiiiitc,  and  far  from  saiirfacturr. 

COAL  AND  COAL-OIL. 

"'In   .-mum  ir  Tirietiefl  of  mineral  coal  are  divided  into  several  cla*?!?-:.  ao-v.rdingto 

ftif.1    ,<  «r.*'  ■  fcp.i  the  vi»Iatiie  or  bituminous  matter  they  contain.     Hiiri  ai:Thraoii« ii 

til.  in  I'.  •'  '"*'  f*^*^  rontaiiif*  the  m<»st  carbon.     On  the  Lehigh  and  thn.'Uirh  a  ^at  pff^ 

J,      ,.^'nT.  end  of  the  First  and  Middle  coal-tielda  the  density  ul  anthra<'it« is 

;  .     ,  M-^-  .Vin?  ^^^'  ""^  '^**  c^mstituenta  are— carbon  aliout  (♦O  part^*.  water  and 

I     .    ,,     |.^  5  t«)  6  part*,  and  earthy  impurities  from  4  to  5  part.«. 

Ti.      .'->    '   ;h?  Wvoming  ci»al8  is  nithor  loss  than  the  above,  while  the  volatile 
■  •!•'  inor«.    In  the  western  end  of  the  First  and  Middle  coal-fields  the 
,  ,,'»;.  which  i:«  a  scmi-anthrucite,  is  about  1400,  and  its  constituenli^ 

v^  r.>;atile  matter  8  to  12,  and  earthy  impurities  5  to  8. 
Ti     ...I..-.  ..**:r.inou8  coals  of  Bn»a«l  Top  and  Cumberland  have  a  density  of  1300  to 
ih >•  .Mostituents  are— carlx»n  75  to  85,  volatile  matter  10  to  20,  and  earthy 
.>:o.  ?-  lit  3  to  7.    The  rich  bituminous  coals  of  the  West  have  a  density  of  120O 
rh'-.r  «>Histitu6nt  parts  are— carbon  50  to  CO,  volatile  matter  35  to  48,  and  adiei 
,   >.    Cannel  coals  are  usually  a  little  lighter  than  the  common  bituminous,  ud 
..  „\rr  Tolatile  matter,  frequently  as  high  as  50  and  even  GO  per  cent. 
*  ^^^-J  M>i  illuminatinp  gas  are  made  only  from  the  two  last-named  coals, — ^ihe  riek 
.,,  4>  .T  the  richer  cannol, — not  because  it  is  impossible  to  turn  the  former  Uck 
,  r*S  l»*>*  because  under  present  development  it  has  not  been  considered  pn»- 
xx'ause  the  richer  bituminous  coals  can  be  made  to  give  up  their  voUtilt 
■   «-:h  more  eotmomy.     We  presume  our  coal-oil  manufacturers  will  scarcelj 
•  A*  ni^arlv  the  whole  mass  of  the  coal  can  he  reduced  to  oil ;  but  such  is  the  fact 
1     ..-^-c:  mode  of  destructive  distillation  is  extremely  wasteful  and  expensive.    We 
,Oi  «n  that  all  valuable  i\al  is  composed  of  from  90  to  98  per  cent,  of  carbon  tnd 
^j^i^jn-^ — princii>ally  hydn^gon;  but  when  the  volatile  matter  is  very  great,  po^ 
gAvcen  and  nitn^^n  may  form  small  portions  of  the  volatile  constituents  of  ct«L 
.TTV  |^»D  demonstrateil  that  the  B»Uid  Ixxly  of  coal  was  produced  from  gas  or  gaM«f 
/^laJonseti  in  the  form  of  oil.  and  subsequently  solidified  by  the  evaiK>ratioD  of  the 
^^  fv»latilo  part*.     Ci»al.  therefore,  is  a  solidified  gas,  which  may  be  again  resolved 
:    original  cv^ndltion  by  heat,  and  again  condensed  to  oil  and  solid i tied  as  coal  by 
Jgtaral  pnvess.     That  loss  will  take  place  in  the  practical  treatment  is  evident, 
._^  much  of  the  nuwfirti  vapor  would  escape;  but  the  process  which  produces  only  iO 
^kmsof  oil  fnun  a  oiuil  containing  50  per  cent,  of  bituminous  matter,  which  should 
^nJooe  over  bV  gallons,  is  certainly  far  from  perfection.    When  we  consider,  however, 
y^rtui  entifv  mass  of  i\>al,  excepting  the  earthy  inr)urLties,  may  be  reduced  to  gae» 
■JT^^u  ctwdensed  into  oil,  we  find  how  very  far  we  are  from  the  perfect  chemical 
^^       i0f  Nature.    Yet  wo  think  they  may  be  imitated  with  success  and  ecoDomT. 
^f  obtaining  100  gallons  of  oil  from  a  ton  of  cannel  coal  should  not  be  greater 
^k  mtnr  auatained  in  the  production  of  40  galhms;  and  perhaps  we  may  be  tafe 
thai  double  the  quantity  nf  oil  specified,  or  200  gallons  of  oil,  may  l^  pro- 
a  t%m  of  rich  cannel  c.>al,  and  proportionate  amounts  from  coal  of  a  lees 
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Oil  may  be  produced  from  anthracite  and  semi-bituminous  coals ;  but  it  is  a  question 
vrhether  any  process  which  could  be  adopted  would  pay  as  a  practical  operation. 

Oar  view  of  the  matter  may  be  stated  in  a  few  words.  Nature  has  produced  and 
itored  away  for  man  a  vast  amount  of  carbon  in  various  forms, — as  gas,  as  oil,  ae 
bitamen,  and  as  coal.  It  seems  contrary  to  the  rules  of  chemistry  and  the  laws  of 
reason  that  we  should  let  the  gas  from  which  she  produced  oil  and  coal  go  to  waste, 
irlule  we  convert  the  coal  back  into  gas  and  then  into  oil.  Would  it  not  be  more  prac- 
ioal  and  economical  to  convert  the  woj^  gases  into  oil,  rather  than  the  coal  into  gns, 
md  this  coal-gas  into  oil?  The  question  may  be  asked.  Can  it  be  done?  We  think  it 
san,  and  we  hope  to  demonstrate  the  fact.  But  it  cannot  be  done  here  and  now,  since 
Mitenta  are  pending  on  the  processes,  and  neither  our  space  nor  time  would  permit  their 
liacussion  in  this  connection. 

It  is  not  practical,  however,  to  obtain  free  gas  in  all  localities ;  but  in  all  coal-fields 
gas  may  be  obtained  by  boring  to  the  proper  depth,  even  in  the  anthracite  regions 
where  petroleum  does  not  exist ;  but  there  it  would  bo  very  deep.  In  localities  where 
labterranean  gas  cannot  be  obtained,  both  gas  and  oil  may  be  produced  from  coal  with 
more  economy  than  oil  can  be  supplied  under  present  development :  but  our  impression 
w  that  our  resources  of  hydro-carbons,  in  the  shape  of  petroleum  and  petroleum  gases, 
principally  within  the  Alleghany  coal-field,  are  equal  to  any  demand,  and  that  oil  pro^ 
iaoed  from  gas  may  yet  supply  light  to  cities  and  towns,  villages  and  private  houses, 
with  more  economy  than  it  can  be  produced  from  the  richest  cannel  coal. 

We  before  observed  that  both  the  carbon  and  the  bitumen  of  coal  may  be  reduced  to 
fipor  or  gas,  and  that  this  may  be  condensed  in  the  shape  of  oil.  The  manner  of  con- 
rerting  subterranean  gas  to  oil  would  be  nearly  similar  to  that  employed  in  the  re- 
duction of  coal-gas,  and  the  chemical  action  is  a  close  imitation  of  the  processes  of 
nature,  in  which  water  and  air  act  principal  parte,  while  heat  and  cold,  in  combination 
with  mechanical  power,  expands  or  condenses  the  coal  or  the  gas.  The  modus  operandi 
and  the  mechanical  means  are  not  necessarily  confined  to  one  single  mode.  Every 
ehemist  and  mechanic  knows  how  various  are  the  processes  or  modes  frequently  used 
in  accomplishing  the  same  object. 

The  aim  of  the  practical  and  experienced  is  always  towards  economy  and  simplicity. 
One  mode  may  be  very  beautiful  and  attractive  in  theory,  but  very  expensive  and  profit- 
leas  in  practice.  It  is,  therefore,  of  the  first  importance  that  the  simplest  and  most 
economical  modes  and  processes  be  employed  in  all  practical  operations  when  they  can 
be  made  available ;  but,  as  before  stated,  we  cannot  here  illustrate  the  various  modes  of 
distilling  coal-oil  now  in  use,  or  those  which  may  be  more  available ;  while  the  process 
of  condensing  or  utilizing  petroleum  gases  would  be  still  more  difficult  to  explain  for 
practical  purposes  in  the  space  now  at  our  command.  The  hints  we  have  given  may 
Mt  practical  men  to  thinking,  and  to  an  investigation  of  the  subjects  discussed,  and 
which  may  lead  to  useful  results.  We  propose,  however,  to  elaborate  these  subjects 
fally  in  a  future  publication,  when  experiments  now  in  process  of  operation  shall  have 
demonstrated  the  most  practical  processes  both  of  the  distillation  of  coal  and  the  con- 
densation of  gas. 

The  modes  now  practised  for  the  distillation  of  coal  and  other  bituminous  substances, 
and  the  production  of  coal-oil  therefrom,  are  both  expensive  and  wasteful ;  while  the 
refining  of  the  crude  oil,  whether  petroleum  or  coal,  is  complicated,  costly,  and  im- 
perfect. 

CONCLUSION  OF  PETROLEUM. 

This  may  seem  a  hasty  and  unsatisfactory  conclusion  of  one  of  the  most  important 
•objects  of  thia  work,^K>ne  which  perhaps  we  ought  to  have  commenced  with;  and 
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were  we  to  rewrite  the  book  such  would  be  the  order  in  which  we  shoald  amsgetiie 
Babjects,  siDce  petroleum  naturally  precedes  coal,  and  should  receire  the  first  attentun. 
Many  of  our  readers,  who  are  uiore  interested  in  oil  than  coal  or  iron,  may  be  db- 
appOLDted  at  this  abrupt  termination,  without  any  reference  to  the  practical  opentioiis 
of  boring  fur  and  producing  oil.  We  can  only  plead  that  our  limiu  have  been  gratlj 
exceeded,  and  we  are  now  forced  to  a  conclusion  nolens  voletu. 

In  discussing  the  subject  of  petroleum,  however,  we  have  kept  off  the  beaten  ground 
of  other  writers,  and  have  presented  it  in  such  a  manner  as  may  lead  to  a  correct  sppre- 
ciation  of  this  comparatively  new  bource  of  our  mineral  wealth,  and  its  economical  and 
practical  development;  while  the  many  facts  in  relation  to  the  hydro-carbons,  so  cleftrlj 
demonstrated  in  that  portion  of  this  work  devoted  to  the  formation  and  origin  of  ooal 
prove  the  0(jrrectnes9  of  our  otherwise  theoretical  conclt^sions,  and  present  unmistakable 
evidence  of  the  identical  origin  of  coal  and  coal-oil. 

THE  END. 

With  a  few  brief  words  we  must  conclude  this,  the  principal  part  of  our  work,  and 
reserve  for  the  Appendix  our  statistical  tables,  descriptions  of  mines,  and  such  other 
information  as  require  frequent  alterations  from  annual  additions  and  changes.  The 
main  portion  of  the  book,  or  G74  pages,  is  in  electrotyped  plates;  but  the  Appendix  b 
not  electrotyped. 

In  concluding  our  long  and  arduous  labors,  we  feel  inclined  to  recapitulate  and 
present  an  epitome  of  the  subjects  discussed;  but  fear  to  do  injustice  to  both  ourselTef 
and  our  readers,  since  the  whole  work  is  condensed  and  concise,  and  nothing  less  than 
a  revision  of  the  whole  would  present  a  (air  or  just  compendium. 

A  partial  or  minute  statement  would  convey  but  an  indefinite  idea  of  the  book,  while 
eren  a  brief  synopsis  would  occupy  more  room  than  we  can  now  spare.  We  would 
therefore  respectfully  refer  to  our  Preface,  Table  of  Contents,  and  concluding  Index  uf 
Subjects,  as  the  best  epitome  we  can  presenL  Every  subject  will  be  found  under  it" 
appropriate  head  and  in  the  order  of  their  occurrence. 

The  TOLCANic  TUEORY  herein  advanoed  will  give  a  new  and,  we  hope,  a  corr^''t 
starting-point  to  the  science  of  geology.  We  have  always  thought  the  main  theorit^ 
of  the  science  to  have  been  conceived  in  error  by  modern  sophists  and  infidels,  vh<> 
invented  them  as  arguments  against  the  truth  of  revelation  and  the  Bible.  Even  thoM 
who  have  battled  manfully  and  successfully  for  the  truth  seem  to  have  accepted  the 
theories  framed  by  its  adversaries,  and  sought  no  other  guide  to  the  natural  rR0C£5S£> 
of  Creation. 

We  cannot  resist  quoting  the  words  of  an  old  and  celebrated  Cornish  miner,  whose 
implicit  faith  in  the  truth  of  revelation  made  him  its  staunch  defender  and  a  powerful 
opponent  to  its  rcvilers.  We  do  not  endorse  all  his  sentiments,  nor  embnu*e  his  sweep- 
ing denunciations  of  geology  and  geologists;  but  we  do  think,  as  he  did,  that  the  science 
was  not  only  conceived  in  falsehood,  but  agiunst  the  truth,  by  the  enemies  of  religion, 
and  that  it  has  Ijeen  developed  under  all  the  difficulties  of  the  original  error.  The 
science  itself  we  consider  the  grandest  study  open  to  the  human  mind,  and  its  great 
masters,  who  have  elucidated  so  manv  wonderful  truths  from  its  dark  arcana,  are  en- 
titled  to  our  highest  respect  and  admiration.  Nevertheless,  our  voice  is  given  against 
the  errors  of  infidelity,  whether  adi»pted  by  geologists  or  the  teachers  of  men ;  for  we 
believe  tliat  the  Works  of  Creation  will  agree  with  the  Word  of  God. 

"  Permit  us  to  inquire  what  benefit  mining  has  received  from  all  the  writings,  lectures, 
societies,  premiums,  researches,  and  labors  of  our  large  body  of  theoretical  geologists? 
If  I  am  wrong,  please  to  set  me  right ;  but,  I  declare,  I  know  not  a  single  instance  where 
any  good  has  emanated  from  their  exertions,  to  the  value  of  a  swabbing-stick!   All  the 
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progreaa  made  in  the  diBCOTery  and  working  of  mines  has  been  without  their  help ;  the 
ancient  methods  of  detecting  or  identifying  a  metallic  vein  by  sbodes,  gossans,  mineral 
waters,  gases,  &q»  have  receiyed  no  improvement  from  them,  although  we  are  persuaded 
that  a  fine  field  for  art  and  science  is  still  open  here ;  for,  as  nature  alway$  worka  by 
general  laws,  we  believe  that  if  all  the  indications  which  attend  a  rich  metallic  vein 
oould  be  detected,  that  mining  would  not  be  so  much  a  speculation  as  it  is  at  present. 
Bat  what  can  be  the  cause  that  such  a  large  body  of  talented  men,  devoted  to  the  sub- 
ject, ambitious  to  excel,  and  'with  all  appliances  and  means  to  boot,'  should  be  thus 
notoriously  useless  and  unprofitable?  Now,  Mr.  Editor,  allow  me  to  observe  that 
theology  should  ever  be  the  basis  of  geology.  This,  sir,  is  the  grand  cause  why  the 
efforts  of  our  geological  societies  have  utterly  failed:  they  have  set  themselves  against 
the  truth,  they  have  rejected  the  inspired  history  of  the  creation  of  the  world ;  hence 
their  writings  and  sayings  are  replete  with  error,  inconsistency,  and  contradiction. 

"  Let  them  begin  again,  cancel  what  they  have  written,  and  lay  their  foundation  on 
the  sublime  account  given  us  in  the  Scriptures.  Then  let  them  follow  Nature  in  all  her 
grand  and  stupendous  subterranean  operations,  and  they  will  discover  a  world  of  har- 
monious wonders,  and  will  bring  to  light,  to  the  admiration  and  benefit  of  mankind, 
the  cause  and  effect  of  the  magnificent  order  of  every  part  of  creation  that  is  allowed 
to  fall  under  the  inspection  of  man. 

"I  shall  be  borne  out  in  stating  my  firm  conviction  that  no  skeptic  ever  made  a  good 
geologist;  and,  whatever  those  men  may  think  of  themselves  who  dare  to  write  in  con- 
tradiction to  the  Word  which  the  Creator  has  graciously  condescended  to  bestow  on  his 
ereatures,  they  are  no  better  than  practical  atheists  in  the  judgment  of  all  men  'who 
believe  and  know  the  truth,'  and  their  writings  are  calculated  to  inflict  a  Mrious  injury 
on  society  and  sap  the  foundations  of  Christian  faith."* 

•  Budge*!  Miner*!  Guide;  Letter  to  the  ** London  Mining  Jonmal." 
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PART  VIIL 


This  portion  of  the  Book  will  be  devoted  almost  exclusively  to  statistical 
statements,  descriptions  of  mines,  manufactures  and  places,  and  business  matters 
generally. 

It  was  intended,  when  this  work  was  commenced,  to  illustrate  its  text  and  sustain 
its  arguments,  by  notes,  from  various  authorities,  in  the  Appendix ;  but,  though  a 
large  quantity  of  manuscript  has  been  prepared  for  this  object,  we  are  compelled 
to  reject  the  whole  for  want  of  space. 

We  proposed,  in  page  35,  to  trace  a  parallel  between  Geology  and  the  Bibls, 
as  given  in  the  Mosaic  account  of  Creation,  and  on  page  81  we  promised  to  give 
Professor  Rogers'  theory  of  coal  formation  in  this  portion  of  our  work ;  but  we 
are  compelled  to  omit  both,  for  the  reasons  assigned,  though  the  copy  was  pre- 
pared for  the  printers.  Professor  Rogers'  theory  may  be  found  on  page  805  of 
his  great  work  on  the  Geology  of  Pennsylvania.  • 


NOTES  AND  EXPLANATIONS. 

Note  I. 

THE  CONGLOMERATE  ROOK  OF  THE  COAL  MEASURES. 

On  page  57,  in  describing  this  rock  we  were  induced  to  follow  the  theories  of 
Rogers  and  Lesley  in  regard  to  its  origin  and  formation, — first  because  we  have 
'  much  confidence  in  Professor  Lesley's  opinions ;  and,  second,  because  the  argu- 
ments presented  seemed  to  justify  the  conclusion.  But  even  Lesley  is  undecided 
on  this  question.  He  says,  in  his  Manual  of  Coal,  page  73 :  **  But  after  disposing 
of  all  these  arguments,  concretioriary  quartz  remains  a  possibility ,  and  some 
as  yet  unknown  method  of  explaining  its  susceptibility  to  impressions  is  a  great 
desideratum." 

Professor  Brainard,  of  Cleveland,  maintains,  by  many  strong  arguments,  that 
the  pebbles  of  the  conglomerate  rock  a^e  concreHonSy  and  the  precipitate  of  a 
solution  of  silex,  or  feldspar  and  mica,  formed  by  the  chemical  action  of  lime,  &c. 
These  pebbles  are  always  smooth,  as  if  formed  by  detrition,  like  those  of  a  shore 
or  stream ;  but,  unlike  the  latter,  they  present  no  angular  surfaces ;  those  which  are 
,not  wholly  smooth  are  crystalline;  they  are  generally  flattened,  and  always  imbedded 
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on  their  flat  surfaces,  as  shown  in  figure  5.  They  are  often  pitted  as  if  marked 
while  in  a  soft  condition,' -fuid  sometimes  contain  impressions  of  plants,  which  most 
have  been  produced  while  the  pebbles  were  in  a  soft  condition.  These  and  other 
considerations,  which  we  will  state  below,  induce  as  to  conclude  the  conglomerate 
rock  to  be  precipitated  during  a  time  of  volcanic  quiet,  and  that  the  white  pebble 
are  concretions  of  sHex. 

The  immense  horizon  of  this  rock;  its  uniform  spread,  yet  gradual  depreciation 
both  in  thickness  and  coarseness  westward  and  northwestward,  indicate  its  source 
as  identical  with  that  from  which  all  or  most  of  the  material  filling  the  Great  Basin 
was  derived.  We  said,  on  page  57,  that  "  it  evidently  could  not  have  been  of  voU 
canic  origin,  since  there  appears  to  be  little  or  none  of  the  pure  igneous  rocks  in 
the  mass."  This,  we  must  state,  is  erroneous  in  fact,  though  correct  when  con- 
sidered as  a  purely  sedimentary  formation,  produced  by  the  detrition  of  existing 
rocks ;  but  we  have  persistently  advanced  the  theory  of  the  volcanic  origin  of  all 
our  rocky  strata,  whether  clay,  slate  or  sandstone ;  yet  these  rocks  contain  no  evi- 
dence of  direct  volcanic  eruption.  The  Bed-shale,  on  which,  and  in  which  the  con- 
glomerate pebbles  are  frequently  imbedded,  does  not  appear  to  be  derived  from 
Tolcanic  sources,  and  yet  that  such  is  its  source  cannot  be  successfully  denied, 
though  at  the  time  of  its  precipitation  violent  volcanic  action  did  not  take  place 
except  at  intervals,  but  the  ashes,  dust  and  smoke  of  their  smouldering  quite  filled 
the  air  and  the  waters  with  a  fine  sediment,  intermixed  with  the  coarser  strata  of 
intermittent  eruptions.  To  be  consistent,  we  must  therefore  repudiate  the  theory 
of  detritioni  as  stated  on  page  67,  and  accept  the  more  natural  one  of  concretion, 
to  account  for  the  white  pebbles  in  the  conglomerate  rock. 

#  Note  II. 

BOCK  FAULTS. 

On  page  295  we  stated  our  inability  to  account  for  a  certain  class  of  rock  faults, 
shown  in  figure  110,  in  which  the  rock  occupies  narrow  walls  across  the  plane  of 
the  coal,  sometimes  only  a  few  feet  in  thickness,  dividing^the  coal  in  the  form  of  a 
dike,  and  yet  not  injuring  the  size  of  the  bed  or  the  quality  of  the  coal.  We  find 
the  coal  on  each  side  of  these  peculiar  faults  perfectly  pure,  but  abruptly  ter- 
minating against  the  face  of  the  fault  These  faults  rarely  extend  above  or  below 
the  coal.  They  simply  divide  the  bed,  and  are  always  composed  of  the  same 
material,  whether  slate  or  rock,  which  forms  the  *'  roof"  or  strata  covering  the 
coal-bed. 

'  In  tracing  the  evidence  offered  by  existing  facts,  to  prove  that  mineral  coal  is  the 
result  of  petroleum,  or  a  solidified  hydro-carbon,  we  find  the  rock  faults  alluded  to 
satisfactorily  explained  by  the  fact  that  the  bitumen  resulting  from  the  evaporation 
of  the  lighter  portions  of  petroleum  on  the  surface  of  the  water,  frequently  exhibit 
cracks  or  fissures  across  its  surface  for  great  distances,  as  shown  by  the  pitch  lakes 
of  Trinidad  and  other  places. 

These  cracks  or  fissures  would  naturally  become  filled  with  earthy  matter,  and 
form  the  rock  faults  just  as  we  find  them. 

No  other  theory  can  satisfactorily  account  for  the  peculiar  faults  herein  discussed, 
and  the  natural  and  clear  explanation  thus  afforded  offers  another  proof  of  the 
formation  of  our  coal-beds  from  the  condensed  hydrocarbon.  With  the  facts  now 
before  us,  and  the  vast  amount  of  evidence  gathered  in  our  patient  and  laborious 
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inyestigation  of  this  subject  during  the  two  years  we  have  devoted  to  this  work,  we 
could  now  present  oar  theory  of  the  Natural  Processes,  and  the  formation  of 
mineral  coal,  much  more  clearly  and  satisfactorily  than  they  have  been  presented  in 
GOAL,  IRON  and  oil,  but  we  must  now  let  it  stand  as  written.  "We  did  not  set  down 
to  prove  a  peculiar  theory,  but  the  theory  grew  into  shape  and  being,  by  the  facta 
which  were  developed  by  a  close  investigution,  and  by  thirty  years  of  former 
experience  and  extensive  practical  observation. 


Note  III. 

» ■ 

COAL-BEDS  OR  SEAMS  vs.  YEINS. 

The  anthracite  coal  miners  invariably,  though  erroneously,  apply  the  term  "  vein" 
to  denominate  the  anthracite  beds,  and  wc  have  followed  them  in  using  this 
arbitrary  term,  because  it  has  become  a  technicality,  or  mining  phrase,  in  the 
anthracite  regions,  which  cannot  be  now  changed  as  a  common  name.  Beds  are, 
perhaps,  the  most  proper  name  by  which  to  designate  our  coal  strata.  In  England 
they  are  generally  known  as  "  seams,"  while  in  the  western  and  southern  States  the 
coal-beds,  as  well  as  the  coal-mines,  are  known  generally  as  "coal-banks."  In 
writing  of  other  coal-fields,  or  those  not  in  the  anthracite  regions,  we  have  generally 
used  the  term  "  seam,"  but  coal-beds  are  more  appropriate,  llie  name  vein  was 
derived,  perhaps,  from  the  Cornish  miners,  who  knew  no  term  but  lode  or  vein  for 
all  kinds  of  mineral  deposits  or  formations. 

Note  IV. 

ROGERS'  NOMENCLATURE. 

"We  have  frequently  made  use  of  Professor  Rogers'  nomenclature  of  the 
Palaeozoic  strata  of  the  Appalachians  in  this  work.  On  page  36  .will  be  found  the 
Palieozoic  column  in  Pennsylvania,  and  the  equivalents  of  Rogers'  divisions  in  New 
York  and  England. 

Note  V. 

THE  GREAT  BASIN. 

Figure  117,  page  323,  represents  the  Great  Appalachian  or  Mississippi  Basin. 
We  have  given  this  Great  Basin  various  names  in  discussing  the  formation  of  the 
palaeozoic  strata  therein.  First  we  call  it  the  **  Ancient  Sea,"  because  it  was  occu- 
pied or  filled  in  the  beginning,  from  the  granite  coast  range  of  the  east  to  the 
Rocky  Mouutains,  by  water,  and  existed  as  a  sea.  "We  also  call  it  the  '*  Great  Inland 
Sea,"  because  it  gradually  became  less  in  extent,  and  retreated  inland,  by  the  rapid 
accumulation  of  the  sedimentary  strata  in  its  eastern  and  south-eastern  portions. 
It  is  also  known  as  the  Appalachian  Basin,  and  this,  perhaps,  is  the  most  compre- 
hensive term,  since  no  other  name  seems  to  be  applicable  as  a  cognomen  for  the 
entire  basin.  This  term,  however,  is  arbitrary,  and  originally  applied  to  the  moun- 
tain ranges  oh  the  eastern  side  of  the  basin.  The  *'  Mississippi  Basin"  is  a  name 
sometimes  given  to  the  entire  formation,  though  properly  it  is  applicable  only  to  that 
portion  of  the  basin  drained  by  the  waters  of  the  MississippL 
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SECTION  L 

STATISTICS  OP  IRON. 

The  following  data  and  statiBtical  tables  concenung  the  iron  trade  of  the  United 
States  are  compiled  from  the  publications  of  the  American  Iron  and  Steel  Associa- 
tion, by  permission. 

The  late  Secretary,  Dr.  Robert  H.  Lambom,  has  divided  the  Anthracite  Iron 
Manufactures  into  five  districts,  for  convenience  of  reference  and  tabulation,  and 
with  much  industry  has  completed  a  set  of  elaborate  and  comprehensive  tables, 
from  which  the  following  are  merely  abstracts : 


IsT,  OR  LEHIGH  GROUP  OP  FURNACES. 
See  Tables  1  and  2,  pages  684  and  685. 

In  1849  the  Lehigh  region  produced  but  44,347  tons  of  metal,  being  an  avenge 
of  4,434  tons  for  each  furnace  in  blast.  In  1860,  the  year  before  the  war,  they  pro- 
duced 173,075  tons,  while  in  1864,  the  last  of  which  we  have  definite  informstioD, 
their  production  reached  214,093  tons,  an  average  of  7,929  for  each  furnace.  Their 
total  annual  capacity  in  1860  was  176,166  tons.  In  the  present  year  they  are  capa- 
ble of  producing  267,116  tons.  This  region  consumed  in  1864,  486,105  tons  of  ore, 
and  459,051  tons  of  anthracite  coal :  a  consumption  of  about  two  and  one-third  tons 
of  ore,  and  two  and  one-seventh  tons  of  coal  for  each  ton  of  iron  made.  Of  the 
thirty  furnaces  in  this  group,  twenty4wo  are  now  in  blast 

2d,  or  SCHUYLKILL  GROUP  OF  PURNACES. 

See  Tables  3  and  4,  pages  686  and  687. 

Of  the  twenty-four  furnaces  in  the  Schuylkill  group,  twenty  are  now  in  blast  In 
the  year  1849  this  region  produced  23,436  tons  of  metal,  being  an  average  of  2,929 
tons  for  each  furnace  in  operation.  In  1860  they  produced  92,345  tons,  and  in  1864, 
112,806  tons,  an  average  of  5,372  tons  per  furnace.  In  1850  the  total  capacity  of 
the  region  was  42,000  tons.  In  1864  there  were  259,000  tons  of  ore  and  227,000 
tons  of  coal  consumed,  a  consumption  of  about  two  and  three-tenth  tons  of  ore, 
and  two  tons  of  coal  for  each  ton  of  iron. 


3d,  or  lower  SUSQUEHANNA  GROUP  OP  PURNACES. 

See  Tables  5  and  6,  pages  688  and  689. 

Of  the  thirty-two  furnaces  comprising  the  Lower  Susquehanna  group,  twenty-two 
are  now  in  blast    In  1849  this  region  produced  24,256  tons  of  pig  metal,  an  afo^ 
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age  of  2,694  tons  per  Ihrnace  in  blast  In  1860  they  made  101,246  tons,  and  in 
1864, 118,615  tons  were  prodaced,  averaging  4,394  torn  per  ftimace.  The  capacity 
of  these  furnaces  in  1850  was  72,400  tons ;  they  are  now  able  to  produce  170,861 
tons.  In  1864  this  region  consumed  271,762  tons  of  ore  and  228,886  tons  of  coal, 
a  fraction  over  two  and  one-third  tons  of  ore,  and  about  two  tons  of  coal  for  each 
ton  of  iron  made. 

4th,  OB  UPPER  SUSQUEHANNA  GROUP  OF  FURNACES. 

(Above  Harrisburo,  and  on  thb  Juniata.) 

See  Tables  7  and  8,  pages  690  and  691. 

Of  the  twenty-nine  furnaces  in  the  Upper  Susquehanna  group,  sixteen  arc  now  in 
blast.  In  1849  this  region  produced  26,625  tons  of  iron,  an  average  of  2,420  tons 
per  furnace  in  blast.  In  1860  the  production  was  69,698,  which  was  increased  in 
1864,  108,664  tons,  an  average  of  5,174  tons  for  each  furnace  in  operation.  The 
utmost  capacity  of  this  region  in  1850  was  58,700  tons.  The  present  year  it  is 
capable  of  producing  167,500  tons.  Eight  furnaces  in  this  gronp  have  been  idle  for 
a  number  of  years,  and  it  is  not  likely  that  they  will  again  be  put  in  blast.  In  1864 
the  furnaces  in  this  region  consumed  261,015  tons  ore  and  213,477  tons  coal,  being 
two  and  two-fifths  tons  of  ore,  and  about  two  tons  of  coal  for  each  ton  of  iron 
manufactured. 

5th,  OB  EASTERN  GROUP  OF  FURNACES. 

See  Tables  9  and  10,  pages  692  and  693. 

The  eastern  group,  comprising  all  the  anthracite  furnaces  east  and  north  of 
Pennsylvania,  excepting  the  Cooper  furnaces  in  New  Jersey,  which  more  properly 
belong  to  the  Lehigh  region.  Of  this  group  New  Jersey  contains  one,  New 
York  twenty-four,  Connecticut  two,  and  Massachusetts  three  furnaces. 

In  the  eastern  group  there  are  thirty-one  furnaces,  of  which  ten  are  now  in  blast. 
The  cause  of  the  general  inactivity  in  the  valleys  of  the  Hudson  and  Housatonic 
rivers  is  attributed  to  difficulties  among  the  miners  and  the  high  price  of  coal.  In 
1854  the  furnaces  comprised  in  the  eastern  group  produced  47,158  tons  of  pig  metal, 
an  average  of  3,930  tons  for  each  furnace  in  blast,  twelve  being  then  in  operation. 
In  1860  they  produced  88,167  tons,  and  in  1864,  130,140  tons,  being  an  average  in 
1864  of  5,911  tons  per  furnace  in  blast. 

The  utmost  capacity  of  these  works  in  1850  was  36,000  tons.  Their  estimated 
capacity  the  present  year  is  201,841  tons ;  in  1864,  242,485  tons  of  ore  and  256,147 
tons  of  coal  were  used,  a  consumption  of  two  and  three-tenths  tons  of  ore,  and  two 
tons  of  coal  for  each  ton  of  iron  made.  Of  the  total  production  in  1864  of  anthra- 
cite pig  iron,  there  was  produced  in  Massachusetts,  2,509  tons ;  New  York,  120,463 
tons;  New  Jersey,  29,578  tons;  Pennsylvania,  521,391  tons;  Maryland,  10,378  tons. 

BITUMINOUS  COAL  AND  COKE  FURNACES. 

The  total  production  of  the  raw  bituminous  coal  and  coke  furnaces  for  1864  was 
210,108  tons,  of  which  Pennsylvania  produced  121,860  tons;  Maryland,  1,717  tons; 
Western  Virginia,  3,800  tons ;  Ohio,  82,731  tons. 
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CHARCOAL  FURNACES. 

Our  data  in  regard  to  charcoal  furnaces  is  limited.  The  total  productions  of 
charcoal  pig  daring  1864  in  the  Nortliern  States  amounts  to  255,486  tons.  Tbe 
amount  produced  in  the  Southern  States  during  1864  can  only  be  conjectured. 
There  were  about  twenty  furnaces  in  blast  in  Virginia  during  186S-64;  ten  in  North 
and  South  Carolina ;  five  in  Oeorg^  and  ten  in  Alabama.  These  produced  on  in 
average  about  1000  tons  of  pig-iron  per  annum,  or  five  tons  per  day,  for  a  blast  of 
two  hundred  days,  making  the  total  amount  of  cast,  or  charcoal  pig  produced,  about 
55,000  tons.  In  addition  to  the  iron  thus  produced,  a  considerable  quantity  of 
wrought  iron  was  produced  in  the  numerous  Catalan  forges  and  bloomeries  erected 
in  Virginia,  North  Carolina,  Georgia  and  Alabama. 


CHARCOAL  PRODUCTION  OF  PENNSYLVANIA. 

In  IS49  there  were  seventy-nine  charcoal  furnaces  in  Pennsylvania  east  of  the 
mountains,  which  produced  in  that  year  55,617  tons.  By  the  year  1860  thirty-two 
of  these  had  finally  ceased  operations.  To  the  remaining  forty-seven  at  least  seven 
new  furnaces  had  been  added ;  the  production  in  that  year  was  36,576  tons.  In 
1864,  42,953  tons  were  made.  West  of  the  Allegheny  Mountains,  in  Pennsylvania, 
there  has  been  since  1849  a  very  marked  and  rapid  decrease  in  the  production  of 
charcoal  iron.  This  region  in  1849  produced  55,494  tons  of  charcoal  iron,  eighty- 
five  furnaces  being  in  operation.  In  1864,  nine  furnaces  only  were  in  blast,  pro- 
ducing 8,701  tons.  This  remarkable  decrease  in  the  quantity  of  charcoal  iron  made 
in  Pennsylvania  can  be  ascribed  to  the  operations  of  several  agencies : 

1.  The  absorption  of  wood  for  agricnltaral  and  other  purposes. 

2.  The  great  demand  and  consequent  high  price  of  labor. 

3.  The  extensive  introduction  of  the  manufacture  of  Iron  from  coke  and  raw  coal. 
These  causes,  operating  with  more  or  less  intensity  throughout  the  Eastern  States 
will,  probably,  gradually  drive  the  charcoal  iron  manufacture  into  the  Western  and 
Northwestern  States,  where  wood  is  cheap,  and  where  the  ores  are  of  unexampled 
purity  and  richness.  The  total  production  of  charcoal  pig-iron  in  the  country,  in 
1864,  amounts  to  255,486  tons. 


ROLLING  MILLS. 

ToUl  PT««t 

Pruduced.  Caparity. 

Massachusetts 2  Rolling  Mills 30,312 37,0U0 

New  York 5  "  57.433 98,000 

New  Jersey 1  "  11,687 12.000 

Pennsylvania 14  "  159.610 318.000 

Maryland 2  "  5,4^58 29,000 

West  Virginia 2  "  844 18.000 

Ohio 3  "  20.301 36.000 

Kentucky 2  "  4,441 26,000 

Indiana.' 1  "  12,773 30,000 

lUiuois 3  "  26,830 80,000 
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Total  PreMat 

V  Prodaied.  CftpaoU/. 

Michigan 1  Rolling  MiU  6,600 20,000 

MiBBouri 1  "  10,000 

Tennessee 1  "  9,000 

Georgia 1  "  9,000 


335.369 732,000 

In  1850  the  production  of  the  roll-mills  in  the  conntry  was  29,083  tons — six  mills 
only  haviDg  been  built  and  in  operation.  These  mills  have  936  furnaces,  classified 
as  follows :  • 

Double-puddling  furnaces 250 

Single-puddling  furnaces 352 

Heating  furnaces 333 

These  have  131  trains  of  rolls,  37  of  which  are  "  three  high."  The  increase  during 
the  last  year  has  been  as  follows:  In  1857  re-rolled  56,450  tons;  in  1864  it  amounted 
to  177,203  tons,  the  increase  being  gradual  yearly. 


STEEL  WORKS. 

There  are  thirty-seven  steel  manufacturers  in  the  United  States,  and  the  total 
production  of  all  kinds  of  steel  amounted  to  18,000  tons,  as  follows : 

Massachusetts,  450  tons ;  Connecticut,  100  tons ;  New  York,  2,500  tons ;  New 
Jersey,  3,700  tons ;  Pennsylvania,  11,500  tons. 

The  works  in  the  city  of  Pittsburg  produced  about  one-half  of  the  steel  manu- 
factured in  the  country.  The  capacity  of  our  steel  works  is  not  less  than  48,000 
tons  per  annum. 

RfiSUMfi. 

The  product  of  the  blast  furnaces  in  1864  was  1,149,913  net  tons.*  Of  this, 
684,319  tons  were  anthracite  pigs,  210,108  of  raw  coal  make,  and  the  balance  of 
charcoal  make.    The  product  of  Pennsylvania  and  Ohio  exceeded  one  million  tons. 

In  1856  the  whole  number  of  charcoal  furnaces  in  the  United  States  was  156. 

The  amount  of  pig-iron,  scrap-iron,  &c.,  worked  up  in  1864  was  about  1,400,000 
tons.  It  is  evident  that  this  important  interest  is  to  be  largely  developed  here  in 
the  next  few  years,  and  it  is  the  duty  of  the  Government  to  extend  to  it  every 
encouragement. 

STATISTICAL  TABLES. 

The  following  Statistical  Tables  of  the  Anthracite  Furnaces  of  the  United  States 
are  compiled  from  the  publications  of  the  American  Iron  and  Steel  Association : 

•  Including  the  Soathern  Statoi  thU  la  Increased  to  1,900,000  torn. 
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No.  4. 
THE  SCHUYLKILL  GROUP  OP  ANTHARCITE  FURNACES. 


VAMS  OP  WORKS. 
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CAPACITY 
In  tons  of  2000  lbs. 
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THE  LOWER  SUSQUEHANNA  QKOUP  OF  ANTHRACITE  FURNACES. 
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S,140 

3,000 
0,033 
1,000 

8,000 
12,100 
2,000 

.. 

}■»•" 

B,238 

a.ooo 
.1,000 

3  000 

1,174 
43t 

}»- 

»,48T 

14.711 

00,000 

160,000 

AibUnd  Fdc»co 

:;:i  - 

ToUli.. 

72,400 

141,030 

6,«»3 

118,013 

271.782 

10,0«B 

228,883 
3,477 

3,303,000 

lTan« 

1  0-1 

4,721 

*,3M 

„.„    .™ 
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No.  7. 
THE  UPPER  8O3Q0EHANNA  GROUP  OF  ANTHRACITE  FURNACK. 


KAMB  or  VOBES 


OlMBOIe^D  Fori 
UllOD  Fnniicii.. 
CkslMkr  rnrai 
OOlDMbll  Fnni 


..^TllUunBtiiirg,  Pa 
— Dancanoau,  Pl  _ 
....LtwIatowB,  Pi 

....viBiifiid,  p». 

....ChnlMlir,  P«. 

....DwtUI*,  P* 


Si  it 


WUlUmaport 

mil  Boll 

Hop. 


....Bhimikln,  Pa 

.-.BanTllle.  P.. , 

....WHll«m»iiort,  P»..... 

,,.  tliil«™.  p»... 

■■..Mill  Hall,  Fa. 

....X«rL«»latown.Pa 
....CaUwlHa,  Pa 
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No.  8. 


THE  UPPER  SUSQUEHANNA  GROUP  OF  ANTHRACITE  FURNACES. 


CAPACITY, 
la  Tons  of  2,000  lbs. 


NAME  OF  WORKS. 


Janiata  Furnaco 

00 

Duncannon  Furnace 

do 

Glamorgan  Furnace 

00 

Union  Furnace 

00 

ChnlaKkj  Furnace 

4,000 

Columbia  Furnaces 

3.000 
00 

Penna.  Iron  Works 

«<         «(           (( 

4,700 

4,700 
7,200 

Bloom  Furnace 

} 

00 

Iroadale  Fumaoes. 

11,500 

Henrj  Claj  Furnace 

2,800 

Roaring  Creek  Furnace. 
Hanlach's  Creek  Fur.... 

Williamsburg 

Lackawanna 


i4 
«< 


Wyoming 

t 

Shamokin 

Franklin. 

Wiiliamsport . 

Ljeomlng 

Mill  Hall 

Hope 

Fenn  Furnace. 

ToUls 

Averages . 


2,300 

00 

2,200 

4,000 
4,000 
00 
00 

00 

4,000 

2,300 

00 

00 

2,000 

00 

00 


2,000 

5,600 

4,.y)0 

5,040 

5,040 

4,000 
(JO     i 


3 


m 
a 
o 

o 
u 


CONSUMED  IN  ldG4. 


n 

a 

M 


,} 

.520.) 

,000    I 
,200  J 


6,800 

5,600 

2,800 

2,800 

3,400 

2,300 

8.000 
4,000 
5.tKX) 
5,600 

2,300 

4,500 

2,300 

3,000 

9,000 

4,000 

00 

00 


2,000 
6,000 
4,500 
6,000 
6,000 

55,000; 

23,600 

8,000 

13,100 

00 
00 
00 
2,300 

60,000 

00 
4,500 

00 
3,000 
9,000 
4,000 

00 

00 


1,500 

4,9S6i 

P90 

5,756 

3,162 

9,167! 
4,500 


52 
16 
62 


47 


52 
52 


r     47 
1,396'^      .Vi 

I    48 


20, 
7,398 


52 


12,672;        52 


00 
00 
00 
327! 

28,020 

00 
2,500 

00 

800 

3,700 

00 

00 

00 

106,964 


00 
00 
00 


10 

52 
52 
40 
20 


00 


40 


00 


20 
28 


00 
00 
00 


Si 


o 


5,000 

9,992 

.^,02S 

18,055 

14,450 


43,962 

S4,S76 

35,871 

00 
00 
00 
900 

53,484 

00 
5,200 

00 
1,750 
8,100 

00 

00 

00 


o 


9 


I    w'C* 


2,800  3,000 

4,S(X)|  9.224 

1,757  2,4.V> 

I 

9,936  12.920 

5,589  9,236 


32,697   17,865   21,540 


29,800 

11,843 

18,Si0 

00 
00 
00 
327 


00 

2,500 

00 

800 
2,700 
00 
00 
00 


41,080 

14,160 

24,342 

00 
00 
00 
736 


27,018   59,393 


00 

6,000 

00 

1,650 

5,400 

00 

50 

00 


73 

V 

■fc 

"it 
> 


:i 


$30,000 

100,000 
i:>o,ooo 

12.>,000 
125,000 

523,130 

600,000 

150,000 

400,p00 

00 
00 
00 
25.000 

600,000 

00 
100,000 

00 

100,000 
200,000 

50,000 

00 
00 
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No.  9. 
THE  EASTERN  GROUP  OF  ANTHRACITE  FURNACES. 
(Inclndiog  FnrascoB  Eait  and  North   or  PenniTlvuiia.  eiceplioz  the  Cooper  I 
oaces  at  Phillipsbarg,  N.  J.,  which  belong  to  the  IiehigD  Group. 


KB  or  WORKS,  LOCtTIOS, 
AKD  POST  UFF1CB8. 


Buanlon   FoniKe. Bocalun,  ».  J 

SUiIlng  FnniiK* eurllag.  H.  X 

Cloia  FnniHK OrugBin.,  X.  V... 

Hmbiiuii  FsmMH HuhatUBTUlB.H.] 

FeekikUI  FoTniM ..-pMkildll,  K.  T.-.., 

Tupluak  Faraui*....-....V«'pliuisk,  H.  Y.... 

Pblllp'i  InaWoiln ....Cold  Spring.  ».  Y... 

Fa'kHpil*  Fsruim Po'kMpdfl,  H.  T.... 


...MipuMk,  H.  T._ 


GaliiiDbis  Fnrmn "  "  . 

Purl  Edward  FuTBUii Fun  Bdwud,  IT.  r. 

BiHwaFnniu* WMpart,  H.  r~..... 

Fart  Uiur  Fainun .PsrI  H«ir.  A.  T... 


'orlu CllntoB,  X.  Y.... 

iaWaik(..BBbIii,H.  r._. 


&>□•  IrvD  W 
TMhsnltFsi 


...W.lHaokbrldga,llH 


HoDltcr  iToa  Witrkt ..KutSti 


...iA  \  \  \  vU 


THE  EASTERN  GROUP  OF  ANTHRACITE  FURNACES. 

No.  10. 
THE  EASTERN  GROUP  OP  ANTIIRACITR  FURNACES. 


Indinit  Pan>iW!e8  Eaet  Md 
naces  at  Pbiltipsborg 

North  of  PennBylva 
N.  J.,  which  belong 

ia,  exceptioB  the  Cooper  Pnr- 
totheLcbijrh  Uroiip.) 

riiT»Dt<]fa,Doaibi, 

i 

i 

1 

i 
1 
J 

:.o™.»,x,«. 

iK  OP  WORM. 

1 

g 

1 

■3 

h 

1= 

if 
1 

1 

1 

lorn  rnniin 

7,000 

S.IIDO 

8.600 

7,188 

» 

liOM 

*,lon 

18,118 

3,000 

0,000 

i.noo 

9,000 

4,B» 

DO 

13.4M 

S,7BI1 

00 

ia,ri3 

.Fninua 

Mt,a  PgmuM... 

DO 

00 

1,000 

«,M0 

a,i4* 

41 

10,483 

2.838 

ll.Slfl 

Win,M<i 

utk  rurucs 

M 

00 

00 

00 

OO 

00 

00 

OO 

Ip.'  iKm  Work!,., 

on 

00 

«,i»0 

4,018 

7,900 

-.000 

8,000 

•p>l*P<in«»i 

«,000 

8.000 

8,000 
8.000 

}1.8 

{: 

}  "■'" 

8,849 

30.  KK 

■"  '""'"- 

00 

00 

fl,DO0 
0,000 
3,000 

)U,4U 

00 

{: 

^"Z 

0,4=7 

3>,.« 

«»kTdnim« 

3,000 

S.OO0 

00 

00 

«B  Viiri>u« 

:i 

14,000 

..^ 

I3.SM 

{: 

l      37,13J 

10,174 

S7.i3a 

37.1,000 

■kUFnmua.. 

00 

00 

8.000 

E,131 

41 

10,M4 

1,BS3 

9,302 

iso,oo<» 

Umid  Funic.., 

00 

^ooo 

13.000 

8,081 

40 

18.0711 

3,023 

I2.3«l 

3on,ora 

1  Fbrhm. 

A.DOO 

0.000 

1,»0« 

4.8» 

1,012 

4,000 

100,000 

Hur7  Fnn.KM... 

fl,000 

«,000 

8.000 

1 

■     » 

00 

10,000 

10,000 

-       02 

■    SO.llS 

T,MO 

3.1,001! 

tna.rM 

" 

00 

00 

10,000 

J""^ 

M 

dlB  IroB  Woiki... 

00 

4,800 

4,S0o 

1,900          81 

4.S00 

MO 

4,000 

loBBlonriiWk'i. 

00 

00 

r  « 

MtFarnuHi; 

00 

00 

00 

: 

.     M,441 
S,400 

IS.OM  .       *- 

J}: 

:31,S4S 

10,192 

38,7IW 

Inn  Worm 

on 

B.OOO 

S.400 

I,™ 

iJ 

a,v2 

1,183 

3,0)3 

}-,» 



00 

OO 

fl,000 

m 

00 

00 

00 

Mle  Fanua. 

3,000 

J.OO0 

3,000 

uo 

00 

00 

00 

w,ooo 

«  SUtloB  FDnuin 

00 

00 

S.O00 

00 

00 

00 

00 

W,00(l 

lor  IrsB  Work) 

4,000 

8,000 

s,ooo 

00 

00 

00 

00 

oo,oo» 

3a|iB9i{  JO  i»qain|(|'^ 
»l3aig     JO    jBqninjJ 
9|qnoQ  JO   wqainH 


■il|ot!d«a  inMUd 

III  Hill 

1 

1  PI  II 1 1 

si 

"1 

iinrRi 

^ 

8    8^1  S  8    1 

III  si      1   B    si  1 

1 

III!  85   8  I 

f.l  ^ 

^1 

HI    ss|l. 

s 

8    SsJ  S2-   8    i- 

s     ? 

ll^s-  si    s  8  g'  i- 

i 

1  M-  81   8    1 

■aoi]39Ja  JO  Bna 


S  si     S  i  l|  I     I     i  ill  il  i  S 


III  Vt 


"■.SSS     8  8 
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Mi 
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APPENDIX. 


MANUFACTURERS  OP  STEEL. 

The  following  is,  as  nearly  cls  can  be  ascertained,  a  List  of  aUihe  Parties  engaged 
in  the  Manufacture  of  Steel  in  the  United  States,  It  has  been  revised  by  some  qf 
the  Principal  Steel  Makers  in  the  Country. 


Najjor  &  Co., BoAon,  Mass., 

Plimpton  Iron  &  Steel  M.  Co.,  Walpole,  Mass., .... 

Boston  Steele  &  Iron  Co.,.. .  Boston,  Mass 

Whipple  File  Co., Ballard  Yale,  Mass.. 

Old  Colony  Iron  Co., Taanton,  Mass., .... 

Collins  ft  Co., Collinsville,  Conn.,. . 

Joel  Fairest  &  Co., Windsor  Locks,  Ct., 

Sweet,  Barnes  &  Co., Syracuse,  N.  Y.,. . . . 

B.  W.  Madden  A  Co., Middletown,  N.  Y., . 

Kelley,  Demilt  &  Co., New  York,  N.  Y., . . 

Malliken  &  Co., New  York,  N.  Y., . . 

'Montank  Iron  &  Steel  Co., . .  Mott  Haven,  N.  Y., . 

Weed,  Beckner  &  Co., Coboes,  N.  Y 

New  York  Steel  Co., New  York,  N.  Y., . . 

Winslow,  Qriswold  k  Holley,  Troy,  N.  Y., 

B.  A.  Millard, * Clayville.  N.  Y.,. . . . 

Walter  Gregory  A  Co., Jersey  City,  N.  J., . . 

J.  R.  Thompson  A  Co., Jersey  City,  N.  J., . . 

Prentice,  Atha  &  Co., Newark,  N.  J., 

Trenton  Iron  Co  , Trenton,  N.  J., 

Horner  &  Ladlam, Pompton,  N.  J., . . . . 

Hnssey,  Wells  &  Co., Pittsburg,  Pa., 

Jones,  Boyd  &  Co., Pittsburg,  Pa., 

Park,  Bro.  &  Co., Pittsburg,  Pa., 

Singer,  Nimick  &  Co., Pittsburg,  Pa., 

Hailman,  Rahm  &  Co., Pittsburg,  Pa., 

Brown  &  Co., Pittsburg,  Pa., 

Reiter  &  Co., Alleghany  City,  Pa., 

William  Bancroft, Philadelphia,  Pa., . . 

Henry  Disston Philadelphia,  Pa.,. . . 

William  Rowland  &  Co., ....  Philadelphia,  Pa 

Bringhurst  &  Co., Philadelphia,  Pa.,. . . 

James  Rowland  &  Co, Philadelphia,  Pa.,. . . 

Verree  &  Mitchell, Philadelphia,  Pa.,. . . 

W.  Baldwin  &  Co., Philadelphia,  Pa.,. . . 

Pneumatic  Steel  Co Wyandotte,  Mich., . . 

Chicago  Steel  Works, Chicago,  111 


Blister  and  Spring  Steel. 
Tool,  file,  railroad  Cast  Steel. 


Cast  Steel. 

Refined  Cemented  Steel. 

Cast  Steel  for  Saws. 

Cast  Steel. 

Cast  Steel. 

Cast  Steel  direct  from  ores. 

Cast  Steel 

Bessemer  Steel. 

Cast  Steel. 

Cast  Steel. 

Cast  Steel. 

Cast  Steel. 

Puddled  and  Cast  Steel. 

Cast  Steel. 

Cast  and  Shear  Steel. 

Cast  and  Blister  Steel. 

Cast  Spring,  Plow,  &c. 

Cast,  Spring,  Plow  and  Plate 

Steel. 
Plow  and  Spring  Steel. 
Cast  and  Common  Plow  Steel. 
Cast,  Blister,  and  Spring  Steel. 
Hammered  Cast  Steel. 
Cast,  Saw,  Steel,  Ac. 
Cast,  Saw,  Spring,  &c. 
Cast,  Saw,  Spring,  &c. 
Cast,  Spring,  Plow,  &c. 
Cast,  Spring,  Plow,  &c. 
Cast  Steel,  Hammered,  Ac. 
Pneumatic  Steel. 
Cast  Steel. 
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RON  AND  STEEL  MANUFACTURERS   OF  THE  UNITED  STATES  IN 


1864. 


Character  of  Hanufactares* 


i'ons  of  new  Railroad  Iron  rolled, 

l^ons  of  re-rolled  Railroad  Iron, 

loop  and  Sheet-Iron  above  18  wire  gauge, . . . 
land.  Hoop  and  Sheet-iron  bel.  18  wire  gauge, 

ron  Plate  not  less  than  i  in.  thickness, 

ron  Plate  less  than  i  in.  thickness, 

ron  advanced  beyond  blooms  and  not  beyond 

bars, 

/ast-Iron  for  bridge  building,  &c., 

>ther  Castings  exceeding  10  lbs.  in  weight, . . 

3nt-Nails  and  Spikes, 

ilvets,  R.R.  Chairs,  Nuts,  Bolts,  Horse-shoes, 

&c., 

io.  from  Iron  on  which  a  duty  has  been  paid, 
)tlier  articles  made  from  Iron  on  which  a  duty 

of  $1.50  has  been  paid, 

/ast-Iron  Ilollow-ware, 

lanufactures  not  otherwise  provided  for,  value 

$63,035,390, 


Tonn 
of  2000  lbs. 

117,225  . . 
158,967  . . 

77.670  . . 

19,136  . . 

52,991  .. 
3,524  . . 

197.297  .. 

33,483  . . 
139,502  .. 

92,250  . . 

17,389  .. 
17,902  .. 

21,973  . . 
15,544  . . 


Internal 
Revenue  Tax. 

8175,838  . . 

119,225  .. 

116,596  .. 

39,472  . . 

79,487  . . 
7,048  .. 

268,945  . . 

33.483  . . 

209,253  . . 

184,500  . . 

34.778  . . 
8,951  .. 

10,986  .. 
23,316  .. 


larinc  Engines,  value  $2,181,140, 

Vood  Screws, 2,098  . . 

Itoves, 66,781  . . 

Iteel,  Ingots,  Bars,  Sheets  and  Wire,  valued  at 

7  cts.  per  lb.,  above  i  inch  in  thickness,.       1,345  . . 
0.  valued  above  7  cts.  and  not  above  11  cts. 

perlb., 4,395  .. 

0.  valued  above  11  cts.  per  lb.,  value  89,979,      5,122  . . 
lannfactures  of  Steel  not  otherwise  provided 

for, 


5,380  . 

35,162  . 
61,225  . 

299,337  . 


83,822,546 


Rate  of  Tax. 

81  50  per  ton 
75 
150 
2  00 

1  50 

2  00 

150 
1^0 

1  50 

2  00 

2  00 
50 

50 
1  50 


« 

tt 

t( 
tt 
tt 
It 

ti 
tt 

it 
tt 


1,891,016  . .  3  per  cent  on 

assessed  valae 

65,434  . 

62,943  . 

100,171  . 


tt 


t€ 


li  cts.  per  lb. 
81  50  per  ton 
4  00 


tt 


8  00 
10  00 


« 


it 


3  per  cent  on 
assessed  value 
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PRODUCTION  OF  PIG-IRON  IN  THE  UNITED  STATES. 

Tonn. 


Tons. 


810 54,000 

828 130.000 

829 142,000 

830 *. .  165,000 

831 

832 


1845 486,000 

1846 765,000 

1847 800.000 

1849 800,000 

191,000!  1850 600,000 

200,000 !  1 855 500,000 


840 
842 


347,000: 1860 884,474 

215.000  [  1864 *1,200,000 


Of  2000  pounds  to  th«  ton. 


im 


PBODtJCnON  OFANTHBACITB  PIG-IEON  IN  THEnNTTED  STATES. 


..n™. 

I 

1 

18H. 

C^DI^ 

's:-^- 

On  *  CaI 

C«I. 

30 

24 

3a 

29 
3L 

n 

20 
Hi 

le 

10 

267.116  2U.093 
130,(100,112.806 
170,861,  ne,6i5 
167.500  108.664 
201.B41 1130,140 

5' 

227.0OOi    259,')00i2A 
229,885;    271,762j  2* 
213.417     261.015  2} 
256,147    242,485  1,^ 

Upper  SusqaehanDftGroap, 

2 
2 
? 

H6 

90 

937,318  !g84,510 

l,3i34,561  1,620,367 

RAILROADS  IN  THE  UNITED  8TATE6.— TEABLT  INCREASE 

IN  MILES. 


1838  . 


1840  . 

1S4I  . 

1842  . 

1843  . 

1844  . 

1845  . 

1846  . 

1847  . 


1,843  . 
1,920  . 
2,167  . 


Ton*  (2140  ItM.) 


Reported 
CapHlOa*. 
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247 29,092  

1,152  23.253  

3.877 558  24.970 

4,174 297 9,655 

4,311  13"  15,577  ...... 

4,511  200  21,812 

4,870  359 5.897  

5.336 466 13,537  40,966 

1848  5,682  346  29,489  

1849 6,350  668 69,163  18.973  65,000 

1850 7,355 1.005  142,037  15,000  

1851 9,090  1,735  188,626  

1852  11,631 2,541  245,626  

1853  13,213 1.582  298,995  105,000 

1854  18,265  5,052 282,867 121,000 

1855 21,128 2,862 127,516 I.t4,000 

1856  24,476  3,348  155,496  142,555 

1857  26,210 1,734 179,305  

1858 27,158 948  75,745  

1859 29,213 2,055  69,965  

1860 31.185  l,97i 122,174  

186X  31,800  615  74,496  

1862  32,471  671  8,611  

1863 33,860 1,389 17.086 

1864  35,000 1,140 105,854 283.660 684,000 
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AMERICAN  RAILROADS. 

TiAi.                  Miles  In  tiM.       IncreMe  in  Milen.      Railw  Imported.       American  RalU.  Total. 

Touif.  TonH.              Tons  (2*240  Ibi.) 

1828  3 3  ....        

1840 2.167 2,1C4  ....   108,350 108.350 

1845  4.511  2.344  ....   124,360 124,360 

1850  7,355 2,844  ....   260,123 150,000 410,123 

1855  21,128  13,773  ....  1,143,630 550.000 1,693,630 

1860 31,185  10,057  ....   602,686  750,000 1,.3.52,686 


Total,    31,185  2,239,149    1,450,000      3,689,149 

Average  time  down  for  the  whole  number  of  miles 8J  years 

Average  quantities  of  Foreign  and  American  Rails  laid  per 

mile  of  Track — Foreign 71  ^'^j  tons  per  mile. 

American 41^      "         * 

Together 118,9j    »*         " 

APPROPRIATION   OF  RAILS   USED. 

Inlaying  track  from 

1628  to  1845. . . .  4,511  miles  at    51, «g  tons  per  mile,   232,710  tons. 
In  laying  track  from 

1845  to  I860.... 26.674    "      "     86      "         "        2,293,964    " 


tt         It « 


31,185  Average,  81      "         "        2,526,674    "     68.49  per  cent. 
For  renewing  track, 
being  the  balance 
not  used  in  laying 
track "         37,3j  "         "        1,162.475    "     31.51     "      " 

Total  qnantity  for  laying  and  re- 
newing track 118iV  "        3,689,149    "    100.00 

The  renewal  of  track  is  equal  to  46  per  cent,  of  the  quantity  used  in  laying  track. 
Dividing  46  per  cent  by  eight  and  one-eighth  years,  the  average  time  down  of  31,185 
miles,  we  have  5  2-3  per  cent,  as  the  average  annual  wear.  Again  dividing  100  per 
cent,  by  five  an(> two-thirds  per  cent,,  gives  seventeen  and  two-thirds  years  as  the 
average  wear  of  the  rails. 

TOTAL  PRODUCTION  OF  PIG-IRON  IN  THE  UNITED  STATES,  1864. 

Tonn. 

Massachusetts, 2.509 

New  York, 120,463 

New  Jersey, . '. 29,578 

Pennsylvania, 521,391 

Maryland 10,037 

Anthracite  Iron 684.319 

Bituminous  and  Coke  Iron,. 210,108 

Charcoal  Iron, 255,486 

Charcoal  Iron,  Southern  States,  (estimated) 50,000 

1,199,913 
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The  following  tables  are  from  Fiuit>aim*8  Iron  Haniiflusiare : 

Comparative  table  of  the  iron  produetian  qf  1820  an4  1827. 


North  Wales 

Sooth  Wales 

Shropshire 

Staffordshire 

Yorkshire 

Derbyshire 


1820.  18S7. 

Tons.  Foim&M.  Tons. 

(12 24,000 


150,000 

180,000 
50,000 


90 272,000 

*31 78,00(1 

95 ^6,000 

24 43,000 

14 20,500 


ScoUand  20,000 18 36.000 


400,000  284  690,500 

Total  product  of  pig-iron  during  1857. 

EiiglaDd,  Northamberland 63,250 

"        Durham 284,600 

"        Yorkshire 296,838 

"        Lancashire 1.233 

"        Camberland 30.515 

"        Derbyshire 1 12,160 

"       Sharpshire 117,141 

"        North  Staffordshire 134,057 

"        South  Staffordshire  and  Worcestershire 657,295 

"        Northamptonshire '    11,500 

"        Gloucestershire 23,882 

"        Somersetshire 300 

Wales,  North 37,049 

"       South.    Anthracite  districte ^ 63,440 

"        South.    Bitnminous  districts 907.287 

Scotland 918,000 

Ireland,     1,000 


3,659,447 


♦QUANTITIES  AND  VALUE  OF  COAL   AND  IRON    PRODUCED    IN 
THE  UNITED  KINGDOM  OF  GREAT   BRITAIN  AND  IRELAND. 

[t  Estimated  value  at  the  place  of  production,] 

Blastfurnaces  in  operation  in  1857. 

England 333  blast-furnaces. 

\    Wales 170    "          " 

Scotland 124    " 

Ireland •..  1    " 

628 

Tear.  Coal.— Ton».                      Value..— £.                  Pig-iron.- Tons.  Vain©.— £. 

1854  64,661,401  16J65,350 3,069,838  7,674,.')95 

1855  61,453,079  16,113,267 3,218,154 8,045,385 

1856  66,645,450  16,663,862  3,586,377  8,963,942 

1857  65,394,707  16,348,676 3,659,447  9.148,617 

1858  65,008,649  16,252,162 3,456,064  8,640,160 

1859  7l,979,76?i  17,994,941  3.712,904 9,282,260 

1860  80,042,698  20,010,674 3,826,752  9,566.880 

1861  83,635,214  20,908,803 3,712,390 9,280,975 

1862  81,638,338  20,409,584 3,943,469 9,858,672 

1863  86,292,215  21,573,053 4,510,040 11,275,100 

♦  The  Talaea  »eem  to  be  arbitrarf — thej  are  invariably  for  every  year  live  shillings  per  ton  for  coal,  Mkd 
two  pounds  ten  shillings  per  ton  for  pig-iron.  I  take  these  items  from  the  "Statistical  Abstract  for  the 
United  Kingdom,"  pnblisfaed  by  Parliament. 

f  Dr.  Wm.  Elder,  Treasury  Department,  Washington. 
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PRODUCTIONS  OP  PIG-IRON  IN  PRANCE. 


Ttar.  Tons. 

1855  850,000 

1856  920,000 

1857  1,000,000 

1858  875.000 

1869  858,000 


Yoar.  Toiw. 

1860  860,500 

1861  1,040.000 

1862  1,052,000 

1863  1,137,000 

1864  1.217,000 


WROUGHT-IRON  PRODUCTIONS  OF  FRANCE.* 


Tear.  Tonn. 

1855  557,000 

1856  569,000 

1857  557,000 

1858 530,000 

1859  522,000 


Tear.  Tomi. 

1860  580.000 

1861 570,000 

1862  670.000 

1863  791,000 

1864  821,000 


TOTAL  PRODUCTION  OF  PIG-IRON. 


Tons. 


GreatBritain 1863    4,510,040 

United  States 1864   1,200,000 


France 1864 

Prussia 1854 

Austria 

Belgium 

Russia  *' 

Sweden   " 

German  States " 

Other  Countries " 


<» 


« 


PRODUCTION  OF  STEEL.f 


Great  Britain 1865 

United  States  1^64 

France 1864 

Prussia 1864 

Austria    1860 


1,217,000 
300,000 
250,000 
200,000 
200,000 
150.000 
100.000 
300,000 

8,376,913 


Tom. 

200,000 
18,000 
30,000 
50,000 
15.000 


NoTB. — There  were  erected,  and  in  course  of  erection,  sixty  converting  vessels  in 
England  during  1865,  each  capable  of  producing  from  three  to  ten  tons  of  steel  at  a 
charge,  or  6,000  tons  per  week,  when  in  full  operation,  by  the  Bessemer  process. 
One  manufacturer,  F.  Krupp,  in  Essen,  Prussia,  turns  out  50,000  of  steel  annually, 
by  the  Pneumatic  mode. 


*  From  Rjland's  Iron  Trade  Clrcalar, 

t  The  Pnearaatic  mode  of  manufaetnring  steel  is  now  making  quite  a  rerolation  in  the  amount  of  its  pro* 
dnetion,  in  all  steel-producing  countries.    The  British  production  is  estimated. 
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SECTION  n. 
STATISTICS  OF  COAL. 


ANTHRACITE  COAL  TRADE  OP  THE  UNITED  STATES. 

The  supply  sent  to  market  in  1865  was  9,488,396  tons,  against  9,998,046  tons  in 
1864,  showing  a  loss  of  509,650  tons  in  1865.  The  stoppage  of  iron  works,  manu- 
factories, and  the  general  stagnation  of  business  that  took  place  after  the  collapse 
of  the  great  rebellion,  caused  a  falling  off  in  the  supply  of  coal  in  a  period  of  four 
months,  of  about  1,200,000  tons.  The  resumption  of  business,  which  commenced 
the  latter  part  of  September,  and  which  still  continues,  soon  demanded  an  increase 
over  the  supply  of  1864,  so  that  the  loss  of  1,200,000  tons  was  reduced  by  the  close 
of  the  shipping  season  to  509,650  tons. 

The  importation  of  Foreign  Bituminous  Coal  shows  an  increase  of  174,416  tons 
oyer  1864,  and  the  Cumberland  trade  has  also  increased  largely  over  last  year. 

The  whole  quantity  from  the  Semi-Anthracite  and  Bituminous  Regions  embraced 
in  our  table,  sent  to  market  in  1865,  including  the  Imported  Coal,  sums  up  as 
follows : 

Tons. 

In  1865 ; 2,068,538 

In  1864 1 ,949,432 


Increase  m  1865 319,106 

Less  loss  in  Anthracite 509,650 


Total  decrease  in  1865 190,544 


1804, 

Tons. 


1865. 
Tons. 


Incre&s*. 
Tons. 


SCODTLKILL    ReGION. 

By  Reading  Railroad 2,763,374 2,813,176 

By  Schuylkill  Canal .......    1,000,500 1,022,740 

From  Pinegrove 24,534 18,485 

By  Mahanoy  and  Lehigh . . .       132,808 218,378 

3,921,216  .....    4,072,779 
Less  Lehigh  and  Shamokin 

and  Lackawanna 272,153 


Tons. 


336,977 


3,649,063 3,735,802 

3,649,063 


Increase  in  1865 


86.739 


Lehigh  region. 

By  Lehigh  Valley  Railroad    1,295,419 1,402,277 

By  Lehigh  Canal 758.087 888,784 


McCalley's  Mount. 

By  Little  Schuylkill  R.R.. 


1,787 
8,690 


546 


Less  Wyoming  Coal 


2,063,983 2,291,607 

9,314 250,694 


2,054,669 2,040,913 

2,040,913 


Decrease  in  1865. 


13,756 


. . . .    49,802  . . . . 

. . . .    22,240  . . . . 

....                 .... 

. . . .    85,570  . . . . 

.      6,040 

....  157,612  .... 
. . . .    64,824  . . . . 

.      6,049 

. . . .    92,788  . . . , 
....      6,049.... 

. . . .    86,739  . . . , 

• 

. . . .  106,858  . . . . 
....  130,697  .... 
••••                .... 

. . . .                ... 

.      1,241 
8,690 

....  237,555  . . . . 
. . . .  241,380  . . . . 

. . . .      3,825  . . . , 
....      9.931.... 

9,931 

1  • 

....    13,756  .... 

i  • 
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1S94.  1868.  laereaM.  DMreAM. 

Tom.  Tom.  Tona.  Tons. 

Wtomino  region. 

Wyoming  Canal,  South ....       636,088 329,506  ....  206.582 

North  Branch  Canal,  North        94,054 28,957 66,097 

Pennsylvania  Coal  Co 759,544 577,482 182,062 

Scranton,  North 338,729 264,293  ....  *74,436 

South 963,728 742,781....  220,947 

Delaware  and  Hudson  Co. .       852,136 759,570 92,566 

Lackawanna  and  Bloom,  S.       407,243 301,236 105,007 

By  Lehigh 9,314 250,094  ....  241,380 


3,960,836 3,254,519  ....  241,380 947,097 

3,254,519 ....  241,380 


Decrease  in  1865 706,317 ....  7U6,317 


Shamokin  region 333,478 457,162 123,684 

333,478 


Increase  in  1865 123,684 


Total  Anthracite ......    9,998,046 9,488,396  . . . 

9,488,396 


Total  decrease  in  1865 509,650 


Semt- Anthracite. 

Franklin  Coal  Co.,  S.  M  .. .          61,952 75,495....    13,543 

"       "     L.  v....         68,021 61,405....                 6,616 

Trevorton 56,501 27,095 29,406 

BroadTop 386,645 315,996....                 70,649 


573,119 479,991  ....    13,543 106,671 

Bituminous, 

Cumberland  Coal 665,605 903,495 237,890 

Imported— foreign 510,708 685,052 174,344 

1,749,432 2,068,538  ....  725,777 106,671 

Add  Anthracite 9,998,046 9,488,396  ....  106,671 

Total  tons 11.747,478 11,556,934  ....  319,106 

11,556,934 ....  509,650 


Total  decrease 190,544 ....  190,544 

The  above  amount  of  Anthracite  Coal  was  mined  from  the  several  regions,  as 
stated  below  in  1865  : 

Tons. 

C  Schuylkill  Region 1,912,147 

(Mahanoy       "       1,823,655 

Lehigh  "       2,040,913 

Wyoming       "       3,254,519 

Shamokia       "       .^ 457,162 


9,488,^96 
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The  following  is  tlie  loss  and  gain  in  1865  from  each  Region : 


LoM.  Oaio. 

ToiM.  Tons. 


Schuylkill 86,739 

Lehigh 13,756 

Wyoming 706,317 

Shamokin 123,684 


720,073  210,423 

210.423 


Total  loss 509,650 


RESUME. 

Since  the  commencement  of  the  trade  in  1820,  the  different  Regions  have  fin 
nished  the  following  quantities : 

Tons. 

Schnylkill  Region 60,422,057 

Lehigh  "        28,656,599 

Wyoming  and  Lackawanna  Region 42,050,008 

Shamokin  Region 2,992,885 

ToUl  Anthracite 134,121,549 

From  1820,  the  commencement  of  the  trade,  up  to  1866,  the  snpply  sent  U 
market  for  forty-six  years  was  as  follows : 

Tons. 

1820  to  1830 359,190 

1830  to  1840 6,261.197 

1840  to  1850 19.373,429 

1850  to  1860 56,954,804 

1860  to  1866  (six  years) 52,172.869 

Total  Anthracite 134,121,549 

According  to  the  above  statement,  the  annual  increase  was  as  follotPs : 

From  1830  to  1840  was  about 164  per  cent. 

From  1840  to  1850         "         21 

From  1850  to  1860         "  19^ 

From  1860  to  1866         "         8J 

The  supply  of  Schuylkill  Coal,  amounting  to  79,973  tons  sent  to  market  in  182! 
which  was  an  increase  of  32,689  tons  over  the  supply  of  1828,  broke  np  every  Got 
operator  engaged  in  the  business. 
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followioy  is  the  quantity  of  Coil  sent  to  mBrket  by  each  company  and  fii 
(,  from  the  Scbaylkill  and  Mshanoy  Regions : 

^     Ifuma.  Ifo.CitlL        To; 

Continental  Coal  Co 

DnncBDCoal  Co 

J.  S«ltxlagcr  A  Co 

HoBB,  Woodft  Co 

B.  Ilnmmctt 

Witi.  Warlteigh  agent. 

Sfhfll]  ft  DoniilioB 1        17,057 

rtoodman  Dolben 1        17,(78 

Spring  Hill  Cnii  Co, 1         18,383 

Mfllinndy  Coal  Co I        10,154 

ft.  GiilHirman  &  Co I        10,074 

■Charlen  Snllor  agent 

Oeorire  Brown 1        IS.STS 

EflBt  MaliMoj  Com  Co 1       13,«R3 

George  Ormroc) 1        13,618 

Bliick  Heath  Coal  Co 1       18,808 

...     CillUhn  ALTUch 1        ia,8i7 

™.->'l    ConniutiCoa  Co ■        -~~- 

Hronil  MonnLale  CoalCo  (new). 


oth  Vein  Con. Coal  Co...  7 
jrk  it  31'lLujlk.in  t'o^il  V'i.  6 
Ireek  Diamond  Coal  Co..  S 

Dale  Coal  Co. 1 

B.  Bcpiiller  &  Brother. .  1 

X  A  Hoodie 1 

PearaoQ 1 

Bbamokln  Coal  Co 1 

Qnoff&Co 3 

hoUaCoalCo.... 1 

Coal  Co 9 

lUler  A  Co 3 

I  Coal  A  Imp.  Co 3 

OorrellAiCo i 


(96,844 
(74,887 
(88,763 
t80,SO8 
(S9,0BT 
i  31,716 
10S,061 
90,818 
87,837 
86,818 
86,577 
88,811 


llFinna 38   1,303,608 


Lear  ft  Co. 3 

Jobns  ft  Brother 1 

rood  Coal  Co 1 

?reckA  Co 1 

f  ft  Pattereun 1 


Ml  Co S 

UeCoalCo 1 

aCoalftlroD  Co 1 

Diamond  Coal  ft  Iron  Co.  3 
I  W.Cole 8 

86  Firm. 65  l 

SehnTlkill  Co G 

nft  Trelblea 1 

m  Hindson 1 

laeftFocht 1 

Harrla 1 

iW.flnjder i 

X  Park  Coal  Co 3 

(Coal Co 3 

:.8llliinan 1 

JrCoal  Co 1 

>n  Coal  Co 1 

IT  Oak  Coal  Co 1 

UmaalCoaICo 1 

knderaon  ft  Co i 

feFocht 1 

tonCoalCo 1 

>.0.  Bowman 1 

EnotCoalCo 1 

BiterCofllCo 1 
le fining  1  Manur.  Co.  9 

Ml  Bbaa  Coal  Co 1 

Clarke  ft  Co 1 

■n,  Bieama  ft  Co 1 

arboekerCoatCo 1 

irdAaaoctHtedCoalCo...  1 

JirbonConlCo 1 

[ftCo 1 

■UlB.  Mining  Co 3 


7i,sa 


63.087 
61,140 
60,310 
68,945 

58,119 


40,870 
40,144 
39,978 
80,854 
80,083 
38,503 
37,844 
37,010 
37,010 
86,900 
80,338 
35,348 
36,268 
84,358 
84,264 


il  Co... 


J.I.ipplnco«  &Co.nowB.C.HIII, 
i.  £.  Griioom  ft  Co  (new) 


Bi'lmnnt  Coal  ft  MIhiiikCo 

J.  A.  Tmiter  A  Co,  (new) 

I..  L.  Ellaworth 

\orifcj-lan  Codl  Co 

Mt.  rjirlK'tiConlCo 

\'iivH,ni,.n("'oa!Co 

Ki'ivli.'r  D.iiii  I.  nai'Co,".^! !!!!!'.", 

Wm,  H.  Shoaftr. 

Win,  N.  Tuj-lor  4  Co 

Sdtnl.  EaUiliff 

Liiciis,  Denoiog  ft  Co.  (new).. . 

William  Dovej 

Consamen'    Mntnnl   Coal   Co, 

(failed) 

Kaaka  Wm.  Coal  Co 

Btroh  Imp.  Co.  (new).. 

L«c,  Grnn  I  ft  Co.  (  new  ) 

Lore,  ainaftCo.  (new)., 

Salem  Coal  Co.  (new) 

B.  D.Beddall  (new) 

Lorbertj  Coal  Co,  (new) 

Peo|>]<iB'  Mutaal  Coal  Co,  (new) 

J,  B.  Reber  ft  Co.  (new) 

Had  MoDDtaln  Coal  Co 

Jnmes  Cr»lclinKton 

Wm.  Bpenrer,  agent 

Baaniao  ft  Kurti 

A   Brlttaln        

MI.  ^tnn  t'oal  Co.  (new) 

Joliu  Wright 


81,811  1 

80,876  . 

38,829  i 

88,497  East  Monnt  LalTeCoalCo... 

37,608  House  Ki^epers'Coal  Co,  (new).  : 

80,018  T.  F.  Palttrson  &  Co.<new),.. 

35,603  3undrj8hliii'erB,Sere«n[nes.ftf. 

36,918  

34,506  lOOBhlppen 140   8,786,809 

rill  be  obgerred  that  25  firma,  with  55  collieries,  mined  nod  ahipped  nearly  two- 
I  of  the  cool  sent  to  market  in  1865. 


11,300 

10,691 

10,315 


7,407 
7,068 
6,660 
6,685 
6,113 
5,973 

b,m 

5,040 
6,414 
5,138 


4,108 
8,991 
3,626 
8,804 
9,810 
8,368 
3,186 
1,710 
1,061 
1,407 
1,SC0 
008 


46 
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MAHANOY  COAL  TRADE  FOE  1865. 


The  follo¥ring  is  the  quantity 
differcDt  operators : 

CoU. 

Mammoth  Vein  Con.  Coal  Co  . . 

St.  Nicholas  Coal  Co 

Bast  &  Pearson 

Union  Coal  Co 

Repplicr  <fe  Moodie 

Preston  Coal  <fc  Imp.  Co 

R.  Gorrcll&Co 

A.C.  Miller  A  Co 

J.  M.  Freck  &  Co 

Conner  &  Patterson 

Bancroft,  Lewis  <fc  Co 

Glenville  Coal  Co 

McNeal  Coal  «fc  Iron  Co 

Black  Diamond  Coal  &  Iron  Co. 

Wij^ijan  &  Treibles 

AlthoQse  &  Focht'. 

Hill&Harris 

George  W.  Cole 

Suffolk  Coal  Co 

J.  &  £.  Silliman 

Qlendon  Coal  Co 

Girard  Mutual  Coal  Co 

John  Anderson  dc  Co :. . 

Alter  &  Focht 

Gilberton  Cool  Co 


of  /oal  sent  from  the  Mahanoy  Begion,  by  the 


Tom. 

113,209 
90,818 
89,087 
87,837 
86,f;08 
86,577 
86,311 
74,703 
68,438 
65,532 
62,087 
58,945 
58,119 
55,402 
44,952  ' 
40,870 
40,144 
39,^  J 
39,083 
88,593 
87,619 
86,900 
36,832 
85,848 
85,359 


Colt.       ToBi. 


J.  A  O.  O.  Bowman 1 

C.  Garretson 1 

Kathbnn,  Caldwell  <fe  Co 1 

Knickerbocker  Coal  Co 1 

Hartford  Associated  Coal  Co. . . .  1 

Continental  Coal  Co 1 

J.  Seitzinger  <fe  Co 1 

Wm.  Wadleigh,  Agt 1 

Schall  <&  Donahue 1 

Mahanoy  Coal  Co 1 

East  Mahanoy  Coal  Co 1 

Boston  and  Mahanoy  Coal  Co . .  1 

Coal  Run  Coal  Co  1 

8.  E.  Griscom  <fc  Co 1 

Buck  <fe  Collins 1 

Wm.  H.  Sheafcr 1 

Lee,  Grant  &  Co 1 

J.B.Rebcr&Co I 

Mt.  ^tna  Coal  Co 1 

Sundry 1 


45  Firms, 
In  1864 


55 


84,35S 

S3,4S7 

27,60i 

96,918 

23,87S 

23,481 

20,700 

17,057 

16,1» 

13,68S 

10,215 

12,3» 

9,121 

6,585 

5,97S 

4,168 

2,185 

928 

m 

1,823,655 

.1,501,518 


Increase  In  1865 822,187 


Nearly  half  the  Coal  mined  in  1865,  came  from  the  Mahanoy  and  Shenaud(»»h 
Kcgions. 

SCHUYLKILL  AND  SUSQUEHANNA  RAILROAD  COAL  TRADE. 

The  following  is  the  quantity  of  Coal  transported  over  the  Schuylkill  and  Sns- 
quehanna  Railroad  in  18G5  and  the  following  years : 

ISM.  East.  West.  Total 

From  Pinegrove 143,502   18,458   161,987 

"      Dauphin,  West 20,625 

**      Auburn,  West 4,169 

186,781 
In  1864 191,391   ......  24,534   240,057 

-  1863 189,254  ......  48,449   237,703 

"  1862 146,095   53,842   199^37 

-  18C1 101,523 91,820 193.343 

"  1800 94,975 14,718 109,693 

lb<59 81.600   19,857   101,457 

1858 60.435   43,493   103,928 

"  1857 44,801   37,484 82,285 

«  1856 42,393 34.914 77,307 

This  road  is  now  owned  and  worked  by  the  Reading  Railroad  Company. 


t( 
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SHAMOKIN  COAL  TRADE. 

The  following  is  the  quantity  of  Coal  sent  from  the  Shamokin  Coal  Region  by 
the  different  operators  in  1865  : 

Tom. 

Cameron Colliery  John  Haas  &  Co 66,114 

Burnside **  S.  Bittenbcnder  &  Co 29,158 

Bear  Valley  ....  "  Shamokin  and  Bear  Valley  Coal  Company 36,539 

Henry  Clay "  John  B.  Douty,  Agent 32,523 

Big  Mountain  ...  '*  Bird  Coal  and  Iron  Company 40,294 

Buck  Ridge "  May,  Patterson  &  Brother 41,522 

Luke  Fiddler  ...  **  Burnside  Coal  and  Iron  Company 12,394 

Lambert "  John  H.  Dewees  &  Brother 16,528 

Lancaster •*  Shamokin  Coal  Company 43,751 

Crittenden "  John  B.  Douty  ife  Co 13,919 

Continental' "  Ballard  &  Co 4,136 

Excelsior "  John  H.  Dewees 18,572 

Enterprise "  Baumgardner  &  Co 11,372 

Green  Mountain.  "  S.  John  <fc  Sons 14,732 

Isaac  Taylor **  Hoover  &  Yarnall 4,596 

Coal  Mountain  . .  "  Hough  &  ITersh 8,963 

Stuartville /'  AVilliam  Montelius 23,49L 

Coal  Ridge  No.  1  "  Schall  &  Donahoe 26,158 

Coal  Ridge  No.  2  '*  J.  G.  &  G.  S.  Repplicr 12,392 

Daniel  Webster.  "  Sutton  &  Henry 10 

457,162 
Total  in  1864 333,478 


Increase  in  1865 123,684 

LATERAL  RAILROADS. 

The  following  is  the  tonnage  of  the  different  lateral  Railroads  in  Schuylkill 

County  in  the  years  1864  and  1865. 

1864.  ISfiX  Increase.         DecreaM. 

Mine  Hill  and  Schuylkill  Haven 1,517,357. . .  .1,579,494. . .  .62,137 

Mill  Creek 436,163....  326,307 109,796 

Mahanoy  and  Broad  Mountain 776,670....  802,885 26,215 

Schuylkill  Valley 230,901....  222,629 8,332 

MountCarbon 115,637 101,826 13,811 

Little  Schuylkill 537,396....  585,534. ..  .48,138 

Lorberry  Creek 164,381 111,773 52,608 

Swatara 46,835 46,067 768 

3,826,400       3,776,575 
Union  Canal 212,216         157,840  54,376 

The  Coal  that  passed  over  the  Union  Canal  Railroad  is  received  from  the  Lor- 
berry Creek  and  Swatara  Roads.  The  Mahanoy  Coal  also  passed  on  the  Mill  Creek 
Bailroad,  making  the  tonnage  of  that  road,  in  1864, 1,212,833  tons,  and,  in  1865, 
1,129,252  tons. 
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PHILADELPHIA  AND  READING  RAILROAD. 

Points  of  supply  and  distribation  of  Anthracite  Coal  from  Scbnylkill  county,  and 
of  BitaminoQS  and  Anthracite  from  Harrisburg,  on  the  Philadelphia  and  Beading 
Railroad,  for  the  year  ending  November  30th,  1865. 

Amount  of  Coal  received  from  the  various  Lateral  Railroads  in  Schuylkill  Coal 

Region : 

Schuylkill  Valley  Railroad 95,294 

Mill  Creek  Railroad 228,296 

Mahanov  and  Broad  Mt  Railroad 702,926 

Ditto  from  Shamokin  and  Pottsville  Railroad 9,895 

Total  at  Port  Carbon 1,036,401 

Mt  Carbon  Railroad  at  Mt.  Carbon 38,911 

Mine  Hill  and  Schuylkill  Haven  Railroad  at  Schuylkill  Haven .1,072,836 

Schuylkill  and  Susquehanna  Railroad  at  Auburn 143.078 

Little  Schuylkill  Railroad  at  Port  Clinton •. 52 1,950 

2,813,176 
Bituminous  and  Anthracite  from  Harrisburg  and  Dauphin 277,638 

Total  of  all  kinds : 3,090,813 


Where  delivered  on  line 

1864.  186A. 

Button  or  Turnoat.  Tons.  Tons. 

Tremont 4  84 

Tamaqua 49  331 

Crc«8ona 146  619 

Pottsvllle 811  15,687 

Schuylkill  Haven 1,908  1,955 

Orwigsburg 618  868 

Auburn 6,858  4,103 

Port  Clinton 203  116 

Hamburg 3,747  8,023 

ShoemakervUle 1,479  2,531 

MohrsvUle 680  277 

Loesport 1,816  4,818 

Tnckerton 4W  831 

Reading 163,027  147,697 

Exeter 197  145 

Blrdsboro' 12,369  11,316 

Dougla^vllle 3,493  2,988 

Pottstown 14,187  16,636 

Limerick 1,011  1,799 

BoTer'sFord 864  1,340 

Phopuixville 73,577  67,557 

Valley  Forgo 619  1,108 

Port  Kennedy 15,786  16,097 

NorrlBtown 113,989  109,019 

Swede  Furnace 11,968  4,756 

Rambo'8  Lime  Kilns ....  8,601  8,816 


of  Reading  Railroad  : 

1S64.  ISftl 

station  or  Tnmont.  Tonn.  Tosi. 

Conshohocken 13,001  8,157 

Egbert's 414  MS 

Falls  and  Manayunk..  •  )  .^-  ^.^.e  1^,0^ 

Nicetown  &  Germant'n.  )  ^"^'^^  95,175 

Belmont 2,35« 

Philadelphia 373,070  880,233 

Port  Richmond 3,058,428  2,051,203 

LEBANON  VAIXXT  BRANCH  : 

Sinking  Spring 10,854  89,690 

WernersTiUe&Heidelb'g  1,245  1,029 

Robesonia 15,369  15,8i5 

Wolemsdorf 1,388  1,564 

Meseemer's 470  825 

Richland 1,201  1,630 

-Myerstown 2,290  5,7« 

Lebanon 50,581  49,670 

Annville 1,233  1,1» 

Palmyra 1,107  1,303 

Derry 76  853 

Swatara 1,808  2,065 

Hummelstown 3,182  2,236 

Beaver 28  ITS 

Harrisburg 1,071  153 


8,065,577    8^090,814 
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LEHIGH  COAL  TRADE  FOR  1865 

The  following  is  the  qnantity  of  Coal  sent  to  market  from 
the  different  firms  and  companies  in  1865  : 

Operatort.  Bail  road. 

Lehigh  Coal  and  Navigation  Company 164  ... . 

A  Pardee  &  Co 170,718 

Honeybrook  Coal  Company 108,264  .... 

Packer  A  Co 123,615  .... 

G.  B.  Markle  &  Co 103,137  . . . . 

Sharpe,  Weiss  &  Co 83,248 

German  Pennsylvania  Coal  Company 45.048  . . . , 

Back  Mountain  Coal  Company 50,360 

Harleigh  Coal  Company 49,585 

Ebervale  Coal  Company 31,737  . . , . 

Stent  Coal  Company 37,835  . . . . 

Spring  Mountain  Coal  Company 96,646 

Thomas  Hull  &  Co 54,269 

W.  T.  Carter  &  Co 36,083 

Taggart  &  Halsey 22,214 

Lehigh  Zinc  Company 1 7,166 

Beaver  Meadow 3,022 

John  Connery 3,515 


the  Lehigh  Region  by 


Canal. 

483,713  . . 

•  •  •  •         •  • 

20,488  . . 

•  •  •  •  •  • 

40,760  . . 

22,163  . . 

22,400  . . 

38,044  . . 

15,870  .. 

23,048  . . 

18,906  .. 

1,484  . . 

11,979  .. 

18,652  . . 

6,212  .. 


.... 


1,046,626  ....  723,669  . . . 
Prom  Schuylkill,  Wilkesbarre,  &c 355,651  ....  165,115  . . . 

Total 1,402,277  ....  888,784  . . . 


ToUI. 

483,877 

170.718 

128,752 

123,615 

143,897 

10.1,411 

67.448 

F8,404 

65,455 

54,785 

56,741 

97,130 

66,248 

54.735 

28,426 

17,166 

3,022 

3,515 


1,770,295 
520,766 


2,291,061 


SCHUYLKILL  NAVIGATION  COMPANY. 

The  following  is  the  distribution  of  Coal  via  the  Schuylkill  Canal  in  1864  and  1865  : 


1864. 

Pointi  of  DIstribatlon.  Tom. 

Port  Carbon 881 

PotUville 410 

Schuylkill  Haven 1,887 

OrwIgBburg  Landing ....  68 

Anbam 

Hamburg 1,765 

Mohrsvllle 5,440 

Althouses 14,238 

Felix  Dam 2,225 

Beading 32,518 

Blrdsboro' 7,175 

Monnt  Airy 7,549 

Port  Union 263 

PoUstown 497 

SprlngvUle 1,886 

Boyer's  Ford 8,343 

Black  Rock  Dam 788 

Phasnizville 591 

Pawling's  Dam 183 


1S65.  1864. 

Tons.         PoInU  of  Distrlbation.  Ton*. 

1,670   Brewer's  Landing 670 

349  I  Port  Kennedy 456 

1,149   Norristown 5,119 

340   Conshohocken 7,988 

33  I  Spring  Mills 11,030 

3,078   Manayunk 7,978 

5,34o!  Baltimore 

13,913  I  Salem 885 


3,346 

33,869 

3,086 

8,888 

508 

019 

1,885 

8,618 

688 

363 

138 


New  Castle 1,504 

Brandywine 6,867 

Wilmington 19,600 

Chester 18,884 

Gloucester 465 

Darby 1,985 

Philadelphia 368,640 

New  York 578,706 


1865* 
Tons. 

846 

108 

1,883 

1,834 

15,366 

5,718 

1,985 

658 

1,738 

7,869 

20,871 

10,198 

1,952 

1,697 

396,935 

591,673 


Total 1,000,500    1,033,740 


The  supply  for  the  line  in  1865  was  87,250  tons,  and  sent  south  of  Philadelphia 
46,893  tons. 
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CONSUMPTION  OF  COAL  ON  THE  LINES. 

We  have  procared  pretty  full  tables  of  the  consumption  of  Coal  on  the  lines  of 
the  different  Railroads  and  Canals  in  1865,  which  show  that  a  very  large  qimtity 
of  Anthracite  Coal  is  consumed  before  it  reaches  tide-water. 

Taiif. 

Philadelphia  and  Reading  Railroad 659^79 

Schuylkill  Canal 87  250 

Lehigh  Valley  Railroad  423,623 

Lehigh  Canal 82^235 

Delaware  Division 28,930 

New  Jersey  Central 98,111 

Belvidere  and  Delaware about 50,000 

Wyoming  Canal about 100,000 

North  Branch  Canal 28,957 

Lackawanna  and  Great  Western  Railroad  North 264^93 

South 123,891 

Bloomsburg  and  Lackawanna  South about 150,000 

Delaware  and  Hudson  Canal 10,825 

Pennsylvania  Coal  Company 17,615 

Morris  Canal about 40,000 

Shamokin about 40,000 

Total  tons 2,205,109 

The  above  is  all  official,  except  from  five  points.  Of  the  total  supply  of 
Anthracite  in  1865,  9,488,396  tons,  about  2,205,109  tons  were  consumed  on  the 
lines  of  the  different  avenues  to  tide-water  and  the  interior.  There  were  consumed 
on  the  line  of  the  Schuylkill  746,629  tons,  and  on  the  Lehigh  505,858  tons. 


COAL  TRADE  OF  THE  LINE. 

The  Trade  of  the  Line  between  Potts ville  and  Philadelphia  and  on  ihe  Lebanon 
Talley  Railroad,  was  as  follows  in  the  last  sixteen  years : 


Years.  Railroad.  Canal.  Total. 

1850  ....  166,992. . . .  40,871 . . .  .207,836 

1851  ....  199,650. . .  .112,697 ....  312,836 

1852  ....  189,661. . .  .132,550. . .  .322,211 

1853  ....  238,328. . .  .155,750. . .  .394,078 

1854  ....  283,212. . .  .160,949. . .  .441,160 

1855  ....  294,385 ....  187,476 ....  481,861 

1856  ....  329,365. . . .191,139. . . .  520,499 


Yeart.  Ballroad.  Canal.  TotaL 

1858  ....  235,577 ....  205,589 ....  441,166 

1859  ....  341,601. . .  .213,173.... 554,774 

1860  ....  38.5,860 223,0 1 7.... 608,887 

1861  ....  278,647. . .  .156,673. . .  .43.5,320 

1862  ... .  416,856. . . .  129,060. . .  .545,916 

1863  ....  548,755 ....  122,834 ....  671.589 

1864  ....  634,074. . .  .114,364. . .  .748.448 


1857  ....  313,178. . . .  198,799. . . .511,977    1865  ....  659,379. . . .   87,250. . .  .746,629 

Of  the  tonnage  on  the  Philadelphia  and  Reading  Railroad  for  1865,  620,275  toos 
were  delivered  at  the  following  points  on  the  line  where  there  are  Iron  Works : 


STATISTICS  OF  COAL. 


711 


Railroad.  Canal.  Total. 

Leesport 4,843  12.912  17,755 

Reading 147,697  28,869  176,566 

Birdsboro 11,216    2,036  13.252 

Pottstown 16,626       919  17,545 

Phoenix ville 67,567       252  69,819 

Norristown 109,019    1,883  110,901 

Conshohocken . . .     8,157    1,824  10,081 

....     15,256  15,256 

4,756      4,756 


Spring  Mills 

Swede's  Furnace. 

Manaynnk    Falls, 
Nicetown    and 


Germ  an  town  .,] 
Robesonia  (Leba- 
non Valley)  ... 
Lebanon(Lebanon 
Valley) 

Supply  in  1864... 
Decrease  at  these 

Railroad. 
113,616 

15,345 

49,670 

points  ] 

Canal. 
5,713 

•   •   •    • 

•   •   •    • 

m  1865 

ToUI. 

119,329 
15,345 
49,670 

620,275 
655,798 

35,523 

Caused  by  the  stoppage  of  the  Iron  Works  a  considerable  portion  of  the  season. 


QUANTITY  SENT  TO  PHILADELPHIA. 

The  following  is  the  quantity  of  Coal  sent  to  Philadelphia  in  the  following  years, 
by  Railroad  and  Canal : 

Yean.  Railroad.  Canal.  Total.    I  Yearn.  Railroad.  Canal.  Total. 

1855  ....  342,311 . . .  .286,087. . . . 628,398    1861  ....  273,473. . .  .473,965. . .  .747.438 

1856  ....  338,189. . .  .322,533. . .  .660,722  [  1802  ....  316,631 . . .  .290,583. . .  .607.214 
ia57  ....  320,327 387,479. . .  .707,806    1863  ....  388,352 . . .  .237,563 625,915 

1858  ....  278,088. . .  .480,383. . .  .758,471 .  1864  ....  373,070. . .  .307,430. . .  .680,500 

1859  ....  286,791. . .  .512,670. . .  .799.461 :  1865  ....  380,233. . .  .296,925. . .  .677,1.58 
1860 305,819 495,084 800,903  j 

The  quantity  of  Schuylkill  Coal  consumed  on  the  line  of  the  Railroad  and  Canal 
exceeds  the  quantity  delivered  at  Philadelphia  for  consumption. 
The  receipts  of  Coal  at  Port  Richmond  were  as  follows,  since  1854 : 


Tears.  Ton*. 

1855 1,576,596 

1856 1,421,213 

1857 1,076,187 

1858 1,029,003 

1859 1,004,540 

1860 1,186,477 


Years.  Ton*. 

1861 909,112 

1862 1,325,400 

1863 2,128,154 

1864 2.058,423 

1865 2,051,202 


The  loss  and  gain  for  1864  and  1865,  at  the  following  points,  we  sum  up  as 
follows : 

, 1864 »  , 186u V 

Los*.  Gain.  Los*.  Gain. 

On  the  line 76,859 1,819 


At  Philadelphia 54,587   ... 

At  Richmond 69,731 

Eastern  trade  by  Canal 53,560 


...     • . . 


69,731  ....  185,006  ... 
69,731 


3,342 
4,221 


Gain  in  1864  and  1865 115,275 


12.966 

12,966 
9,382 

3.584 
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LEHIGH  VALLEY  RAILROAD. 

The  following  is  the  distribution  of  Goal  on  the  Lehigh  Valley  Railroad  in  I8$4 
and  1865 : 


1S64.  1865. 

Destination.                         Tons.  Tons. 

To  Mauch  Chunk 87 

*'      "  "  via  Canal 

Lchlghton 713  966 

Parry  vllle 18,463  23,529 

Carbon  Iron  Co ....  

Lehigh  Gap 293  213 

Slallngton 765  1,531 

Rockdale 140  378 

Laury'8 37  59 

WhitehaU 521  743 

Coplay 2,913  3,446 

Lehigh  Val.  Iron  Works.      26,751  26,122 

Hokendauqua 102,201  73,238 

Thomas  Iron  Co ....  .... 

Catasauqua 72,099  54,796 

Lehigh  Crane  Iron  Co. . .         ....  .... 

Catasauqua  Mannf.  Co 4,098 

Catasauqua  and  F.  R.  R.       2,204  8,436 

East  Penn  Iron  Co 1,303 

Allent'n  Furnace  Station 

Allentown  Iron  Works..      67,109  48,028 

Lehigh  Rolling  MUl 

AUentown  Rolling  MiU..      19,998  19,287 


18o4. 

Destination.  Tons. 

Roberts  Iron  Co .... 

Jordon  Manurt'rlng  Co .         

AUentown 17,598 

East  Penn  R.  R 9,341 

Bethlehem 16,388 

North  Penn  R.  R 123,475 

Lehigh  Zinc  Co .... 

Bethlehem  Rolling  Mill..  80,602 

Freemansburg 347 

Lime  Ridge 307 

Glendon  Iron  Works 40,139 

Easton 7,053 

Delaware  Canal 19,302 

PhlUlpsburg,   N.  Jersey.  5,507 

Morris  Canal,            '<  44,600 

Cooper  Iron  Works,  "  13,806 

Warren  Foundry,      "  .... 

Central  R.  R.  of        "  479,974 

Belv.  Del.  R.  R.  N.  J 165,699 

Morris  and  Essex  R.  R 

Lehigh  Valley  R.  R.  Co..  17,589 


IMS. 
Toas. 

10,7W 


18,579 

8,845 

4,736 

139,695 

34,106 

43,758 

415 

63 

27,785 

8,087 

•  «  t  • 

5,615 
73,965 
18,651 

•  «  •  • 

586,38S 

318,611 

496 

81,691 


Total 1,295,419    1,408,877 


LITTLE  SCHUYLKILL  RAILROAD. 

The  following  is  the  quantity  of  Coal  transported  over  the  Little  Schuylkill  Rafl- 
road,  during  the  year  ending  November  30th,  1865. 


Operatora.  Tons. 

Little  Schuylkill  Nay.  R.  R.  &  Coal 

Co.,  Reevesvllle  Col 17,877 

do.    Shaft,  No  1 14,390 

do.    Buckville 8,087 

do.    D.  West 6,798 

do.    New  Kirk 1,337 

48,389 

George  W.  Cole,  Reeyesdale  Col 13,370 

Banmol  Ratcllff,  New  Kirk  Col 5,&40 

George  Brown,  Levan  Col 13,873 

George  Ormrod,  D.  East  Col 13,619 

Jamos  ('odrlngton,  E.  East  Col 1,661 

Greenwood  Coal  Co.,  Greenwood  Col.  71,369 

Moss,  Wood  A  Co.,  Lehigh  Col 31,757 

Baughman  &  Staploton 75 


Operators.  Tou. 

MAHANOT  BB6I0N. 

St.  Nicholas  Coal  Co 90,510 

Glenvllle  Coal  Co 58,945 

Hill  A  Harris 40,144 

George  W.  Cole 39,534 

J.  A  E.  8.  Sllllman 88,593 

Alter  &  Focht .* 35,345 

Hartford  Associate  Coal  Co 36,918 

East  Mahanoy  Coal  Co 13,683 

T.  F.  Patterson  <fe  Co 588 

Thomas  Gorman 167 

Mahanoy  <&  Broad  Mountain  Railroad.  35,047 
Lackawanna  Region 17,817 

Total 585,584 
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LEHIGH  NAVIGATION  COMPANY. 

The  following  is  the  distribution  of  Coal  carried  by  the  Lehigh  Navigation  Oom- 
pany  in  1865 : 

Tom. 

Consnmed  on  line  of  Lehigh  Canal 82,235 

Entered  Morris  Canal  at  Easton 217,813 

Entered  Delaware  and  Raritan  Canal 309,067 

Consumed  on  line  of  Delaware  Division 28,930 

Arrived  at  Bristol 160,739 

Total  shipments  in  1865 888,784 


The  following  is  a 
Canal  since  1845 : 

t  Canal. 

>*  TonH. 

1845 12,567 

1846  41,142 

1847  61,951 

1848  82,159 

1849 103,482 

1850 98,100 

1851 137,237 

1852 180,189 

1853 222,582 

1854 267,864 

1855 290,730 

1856 284,828 

1857 227,652 

1858 281,949 

1859 255,405 

1860 276,947 

1861 272,616 

1862  106,431 

1863 208,397 

1864 194,097 

1865  217,814 

3,823,496 


MORRIS  CANAL  COAL  TRADE. 
statement  of  the  amount  of  Coal  which  entered  the  Morris 


LEIIIOH    COAL. 

8CR ANTON  COAL. 

Railroad. 

Total. 

ToUl. 

Tons. 

TonH. 

Tonn. 

Ton*. 

.         12,567  . .  . 

%    •                                                   •   • 

. . .       12,667 

41.142  . . . 

»    •    •                                                   •   m   t 

. . .       41,142 

.       61,951... 

. . .       61,951 

.       82,159  . . . 

. . .       82,159 

.     103,482  . . . 

•    •                                                   •   • 

. . .     103,482 

.       98,100  . . , 

•    •                                                  •   •   1 

. . .       98,100 

.     137,237  . . . 

1    9    •                                                                •    •    1 

. . .     137,237 

.     180,189  . . , 

•     •                                                                •    •     1 

. . .     180,189 

.     222,582  ... 

. .     222,582 

.     267,864  . . . 

. .     267,864 

.     290,730  . . . 

•     •                                                                       •     •     4 

. .     290,730 

808  ... . 

.     285,636  . . . 

..       17,764... 

.  • .     303,400 

13,047  . . . . 

.     240,699  . . . 

. .       43,599  . . , 

. . .     284,298 

5,350  . . . . 

.     287,299  . . . 

. .       55.426  . . . 

. . .     342.725 

5,780  . . . . 

.     261,185  . . . 

. .       89,146  . . , 

. .     350,331 

.     276,947... 

..     127.517... 

. . .     414,464 

1,401  . . . . 

.     274,017  . . . 

..     140,922  ... 

. .     414,939 

45,738  . . . . 

.     152,169  . . . 

. .     172,128  . . . 

. .     324,297 

48,234  .... 

.     256.631  . . . 

. .     145,815  . . . 

. .     402,446 

37,644.... 

.     231.741... 

..     151,122  ... 

. .     382,866 

74,171  .... 

.     291,985  . . . 

. .     124,204  . . . 

..     416,189 

232,173  ..., 

.  4,056,312  . . . 

. .  1,067,643  . . . 

. .  5,123,952 

EAST  PENNSYLVANIA  RAILROAD  COAL  TRADE. 
The  Coal  Trade  of  the  East  PennBylvania  Railroad  from  the  Lehigh  Region  was. 


Tom. 


In  1860 11,030 

"  1861, 10,622 


Tons. 


In  1863 9,526 

"  1864, 9,341 


"  1862, 6,667    "  1865, 


8,845 


tu 


KOBTH  PSSOf STLTA^ni.  MMSLmJAD  COUL  tmAIHL 


T2424 1  Ib  IdCZ. lO^jMS 


1AM,. 


XEW  TEBSEY  CENTRAL  BAILBOAD  COAL  TRADBL 

TW  foDown^  b  Ike  ^Matil^cr  CmI  tnaipocted  afcr  tke  Xi 
Haiirmd  ia  the  fbOownig  jcmn: 

i 


T«v. 

T«ML. 

T«aft. 

T«aft. 

T««. 

T9^ 

T9^ 

T^mt. 

lB9i... 

33,325... 

.    f8.«70.. 

13U94 

1861.. 

.254467.. 

.  568,669  .. 

8T3.735 

18f9... 

o4ylX5L  .« 

«     mM99^i^'^^9      m  « 

294,791 

1862.. 

.311^96.. 

.502,375  .. 

816^71 

UM... 

122,923... 

.  417,726  .. 

540,549 

1863.. 

.435,729... 

.  613,954.. 

1AI9,683 

Ittf... 

IBO^OSi.. 

.46M30.. 

64M87 

1864.. 

.  474,221  -. 

.  675,743  .. 

1449364 

IMO... 

263,885.. 

.590,862  .. 

854,647 

1865.. 

.  509,619 .. 

.4tM87  .. 

MMJiS 

'  Of  Oe  iriNm  qimMLj  87,217  toM  Ldugk  sod  10,895 
lIULll  toM--^v«e  wed  oo  tke  liae;  tke  balAM«  MMked  EUmWI^o^ 


BELYIDEBE  AND  DELAWARE  RAILROAD  COAL  TONNAGE. 

The  following  is  the  qnanUtj  of  CoaI  transported  over  this  Road,  receired  from 
the  Lehigh  Region  in  the  following  yesrs : 


ThroBfk.  yfMj. 

In  1865  ....  202,781  .  11.585  ...  214^45 
**  1864  ....  161,278  .  13.095  ...  174,323 

^  1863 130,494 

^  1862 129,452 

*'  1861 145,907 


In  1860 146.308 

•*  1859 135.205 

**  1858 99,090 

*«  1857 123,248 


CATAWISSA  RAILROAD  COMPANY. 
The  following  is  the  Coal  tonnage  that  passed  oyer  this  Road  in  the  following  years : 


TMr. 

1861 
1862 
1863 
1864 
1865 


Lacka.  Lehiok.              McCAin.T  Xt.  Brrv.  ToTAk 

ToBA.  ToBS,  Tons.  Toba.  Tons. 

6,553 6,220 1,997 1,029 15.799 

46,689 85,539 3,282 1,536 137,046 

101,934 43,887  7,477 308 153,606 

No  Report 

22,286 3,867 546 6,004 32.203 


177,462 


139,013 


13,302 


8,877 


340,654 
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THE  DELAWARE,  LACKAWANNA  AND  WESTERN  RAILROAD 

COMPANY. 

CoaX  Business  of  1865. 

TODt. 

Total  shipments  since  opening  of  road 9,620,701 

Mined  and  delivered  in  1865  for  account  of  D.  &.  L.  R.  R.  Co 930,277 

Shipped  to  Oxford  Farnace,  do.  S.  T.  Scranton  &  Co 7,666 

Shipped  to  Elizabethport,  do.  Susquehanna  &  Wyoming  Valley  Railroad 

and  Coal  Company 55,097 

Shipped  to  do.  do.  Roaring  Brook  Coal  Company 10,388 

Shipped  do.  do.  Lackawanna  k  Susquehanna  Coal  &  Iron  Co 3,459 

Total 1,006,887 

Of  amount  sent  away  in  1865  there  were  mined  by  D.  &  L.  R.  R.  Co 579,615 

Ditto,  other  parties 427,272 

Total 1,006,887 

1864.  1865. 

Amount  sold  at  mines 2,984  923 

"  shipped  north 342,382  271,519 

"  "         south 957,747  734,445 


1,303,117  1,006,887 

1,006,887 


Decrease  from  1864 296,226 

Distribution  op  thk  Coal. 

Sold  atmines 923 

Scranton  and  north  division 41,110 

Binghamton  &  Chenango  Coal ....  ^ 54,418 

Syracuse  and  for  shipment 125,878 

Ithaca  do 41,736 

Line  of  Erie  Railway  and  connecting  roads 8,347 

Elizabethport 541,879 

Line  of  Central  Railroad  of  New  Jersey 12,202 

Washington  &  Morris'  Canal 152,418 

South  Division  D.  &  L.  R.  R 27,946 


Total J 1,006,887 

AMOUNT  OF  COAL  USED  IN  THE  PRODUCTION  OP  IRON  IN  THE 

UNITED  STATES. 

In  the  production  of  Anthracite  Pig-Iron,  about  two  tons  of  coal  is  required  to 
produce  the  ton  of  pig.  In  the  coke  and  raw  coal  furnaces,  three  tons  of  coal  is 
near  the  average  use  to  the  ton  of  metal  produced;  and  in  the  Rolling  Mills 
generally,  three  tons  of  anthracite  coal  is  used  per  ton  of  T  rails  made,  but  a  larger 
amount  is  required  to  produce  small  merchant  bar. 

Tons  Iron  Tons  of  Coal  «Md  to  Tons  Goal 

made.  produce  the  Ton  of  Iron.  naed. 

Anthracite  Iron 6M4.319 2  1,368,638 

Coke  and  Raw  Coal  Iron 210,108  3  630,324 

Bolledlron ,335,369  3 1,006,107 
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DELAWARE  AND  HUDSON  CANAL  C 

pBOTnnarcK,  Pa.,  January  1«#,  1866. 
Btetemeot  of  the  amount  of  Cotl  mined  and  forwarded  on  the  Railroad  of  tlus 
Company  for  the  year  ending  December  15th,  1865,with  the  sonrces  whence  receired: 

Carbondale,  D.  k.  H.  Canal  Co's  mines 255,735 

Olyphant  do.  do.         do 174^'>0 

Providence,       do.  do.         do 134,589 


Rotbdale,  John  Jermyn 65,171 

Archbald,  Eaton  A  Co 81,781 

Archbald,  Boston  k  Lackawanna  Coal  Co 63,488 

Dickson,  Elk  Hill  Coal  Co 26.480 


565,174 


246.921 


Total  for  1865 812,094 

Total  for  1864 '. 886,841 


Decrease  in  1865! 74,747 

COAL  TRADE  OP  ELIZABETHFORT. 

The  following  is  the  quantity  of  Coal  received  at  Elizabethport,  New  Jersey,  by 
the  different  Companies  and  Shippers  in  1865 : 

Tons. 

Seranton  Coal,  by  D.  L.  W.  R.  R.  383,792 

8.  Bonnel,  Jr 105,531 

U  Attdenried  A  Co 84,952 

E.  A.  Packer  kOo 60,577 

A.  Pardee  A  Co 39,456 

A.  T.  Sjput  &  Co 33.220 

Randolph  k  Brothers 23,906 


Wilksbarre  l^oal  and  Iron  Co . . .  23,080 

Van  Dasen,  Lockman  ft  Co 18,624 

Rathbnn,  Caldwell  ft  Co 16,077 

Consolidated  Coal  Co 7,041 

Day  &  HuddcU 6,745 

E.  A.  Quintard  ft  Co 1,063 

Sundry  Shippers 2,111 


Total 906,195 

Of  which  422402  tons  were  from  the  Lehigh,  Schaylkill  and  Wilkesbarre  Regions, 
independent  of  that  sent  from  Seranton  by  the  Delaware,  Lackawanna  and  Western 
Railroad  Company. 


BLOSSBURG  AND  BARCLAY  COAL  TRADE. 


Tmts. 

1840 

1841 25.966 

1842... 13,164 

1843 6,268 

1844 14.234 

1845 29,836 

1846 16,509 

1847 29,087 

1848 33,762 

1849 32,095 

1850 23,161 

1851 25,000 

1852 20,000 

1853 45,571 


BloMbarg.  Barclay. 

4,235  


Yean.  Blouborg. 

1854 70,454 

1855 73,201 

1856 70,670 

1857 94.314 

1858 41,805 

1859 61,441 

1860 97,571 

1861 112,713 

1862 179,334 

1863 226,183 

1864 353,124 

1865 394,631 


Barelaj. 


4,115 
6,239 
17,560 
30.143 
27,718 
40,835 
52,779 
54,116 
62,000 
68,463 


1,689,698  296,005 
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BITUMINOUS  COALS. 

GREAT  CENTRAL  COAL  FIELD— 1864. 

TonR. 

Illinois 1,000,000 

Indiana 500,000 

Western  Kentucky 250,000 

Missouri  and  Iowa 500,000 

2,*250,000 
Michigan  Coal  Field 100,000 

Total 2,350,000 

TABLE  OF  BITUMINOUS  COAL  MINED  IN  THE  ALLEGHENY  COAL- 
FIELD IN  PENNSYLVANIA— 1864. 

Ton*. 

♦Barclay  Coal  &  Railroad  Company 54,000 

Kalston  and  vicinity 20,000 

♦Blossburg 385,000 

Lock  Haven  and  Tyrone  Railroad,  &c 45,000 

*0n  line  of  Philadelphia  and  Erie  Railroad 27,000 

♦Conncllsville  &  Pittsburg  Railroad 146,000 

•Pennsylvania  Central  Railroad 960,000 

♦Pennsylvania  Canal 32,000 

Juniata  River 239,712 

♦Monongahela  Navigation 1,170,000 

On  the  line  of  the  Youghiogheny  River 500,000 

On  the  line  of  the  Allegheny  River 500,000 

Furnaces  and  Mills  on  the  Conemaugh  River 800,000 

All  other  localities 1,000,000 

Total  tons  of  2000  pounds t5,870,7I2 

TABLE  OF  COAL  PRODUCED  FROM  THE  ALLEGHANY  COAL-FIELD 

IN  18644 

TonR. 

Pennsylvania 5,870,712 

Ohio 1,000,000 

Maryland 657,996 

West  Virginia 500,000 

Kentucky 250,000 

Tennessee 600,000 

Alabama : 300,000 


Total  tons  of  2000  pounds 9,078,708 

•  Offleial. 

t  In  this  Table  we  make  a  slight  change  from  that  gWen  on  page  331,  and  have  divided  the  flgarea 
opposite  "Johnstown  and  yiclnitjr"  between  the  Conemaugh  and  JunicUa  rivers. 
%  The  amounts  for  the  Southern  States  are  calculated  before  the  war  In  1861. 


STATISTICS  OF  THE  CUMBEBLAND  COAL  TRADE  FROM  ITS 

COMMENXEMENT. 


Compiltd/rom  Offittal  Source*,  by  C.  Slack,  Mount  Savage,  ild. 
TABLE  S'o.  1.— DETAILS  OP  1865. 


Si«  i'T  lOJttiJT. 


TiS*. 


T0X9.    ,    TUSS.    I    TuSS. 


n>s 


TOSS. 


n<-^ii>  l:  I  .*:  KiJ  Iron  C* — 
S^'fciiiii,  MicLac  C<>sp»CT — 

fi:-!.ri:-  '  t-wk  C.  *  I  <:<* 

B>inTh).irt  ^  Bt^tiBKin  C.  Co. 

S»f  ilci.  C-y^  Comply 

rrrisilmrc  Cm.\  Compmy 

f  .m*.-.::.!»-j.vi:  Cwl  CompMT.. 

Sf«  H  ■:»  STaws— -— -~— 

MkHmLue  C.iil  Compuiy 

lUrtoc  C.i*;  tVmpuiy - 

Alkali.-  A  «5.  C.  C.  C<«ni»iiT. 
JtaT»r<  M.>»ini^n  Cc*!  Co 

Fn.i:K;ir  t.-.wj  C.-T..-.y  ■..■_■■■: 

■Bbti'T 


K.r%  HiiOO  363  («.S.!ns  2S.10!) 

4i.T74  Sy.^T  8  llK,2«t  42.0011 

Sl.V/      - i  Sl.TW  9,S37l 

S4,l';^  3.3aT         :  36,415  14,l».',fl! 

*;.*■:«      '        33,4«3  6,423: 

44.a»t  111  830,  43.3»  2,067 

3.»$  M.S«         40,814.  2t,70a 

IM4«  U^  IS^ivi'  "i'Cw^.  24,437 

IT.a:3  43.310  mi  «i>..M(0  7,4IM 

»,«a  S!*,«6»  4.1  :iT.(KH!  8,340 

M61|  14,86S|  26|  ■■ii.ii.W  1I,7«3 

5,090,  fi,197         Ifi.iw;  8,18S: 

W.519     1  ....,1  1«..-.11(  I«,2ft4| 

1.93S  3,«13;  81  .'i,2W  S.3T3I 

3S.*.T3     1         1  3j*.«>2  IT.aai 

l'..i™      ;         I  41,.-.:6     , 

'l«.!NJO  37,800'  a,lM|  13T,8»0  r>,4)Hl 

34,382.  lOT         I  24.4(10      l.j.liy     „ 

10.3091     i        I  10,209        fl,7Th|    

70,a63      _ I  !iMlil  71.S45      28,?.>3     

310,116    34a,3O3^0J77'o0MS9'373!(i24|~29^ 

'  '  24.">.4i«i'lnmi« 


is,ai> 


3.3!! 


RECAPITULATION. 

J,    ..^^x.Jii.;  *  IVuusvlvanb  n.  R.  lo  Bullimorc  .!c  Ohio  R.  R 368,280 

^  *  "    lo  Clitsupeaku  &  Ohio  Cimiil...2$.5.2!l.'> 

"    to  Local 1(1,017 

6«1I,5»S 

^  .■VwSilauii  i'W  uuil  Iron  Co,  to  Baltimorf;  and  Ohio  Rttilroail.,.101,471 

~  •■  "  to  ChL'sapoaku  and  Ohio  Canal,,,,  57.1107 

"  to  Local 3.180 

103,538 

tk.  H.  ui«lkiu-  J&  Unlliinorc  R.  R.  to  Balllmore  and  Ohio  Railroad...  70.36'> 

^  "  "     loLoeal „.„.       980 

71,34S 

ToUl» 903, 49j 
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fi  CUMBERLAND  COAL  TRADE.— From  1642  to  1865,  iocInaiTe— 
24  years. 
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APPENDIX 


ANTHRACITE  COAL  TRADE  OP  PENNSYLVANIA. 

Tlie  following  Table  exhibits  the  Anthracite  Coal  sent  to  Market  from  the  different 
Regions  in  Peunsjlvania,  from  the  Commencement  of  the  Trade  in  1820  to  1865, 
inclusive. 


HAHD  ANTHRACITES. 


e 
t 


i*iji> 

l.H*i 
I  Sit 

1VJ> 

IvXi 

IVJ? 
1»«» 


U*7 
1»4:) 
l»4tf 


laso 

1851 
1852 
1853 
l&H 
18.M 
18;'>6 
18.57 
1858 
1859 


1860 
1861 
1N62 

lNii.i 

1N64 
IfMlA 


:^.>»:3 

*o,i7i 
5i<»J5a 

4-<*.^M 
.<  A* I. 'A* 

*i>.>>7 
2tt;*.5>7 
3,440 
222.61)3 
43ri,6«)2 
4^9,2U8| 


•CBUTLKILL 

►* 

0 

ja 

*—• 

• 

•9 

• 

8chu 
111. 

°M 

•-3 

• 

s 

u 

u 

c^ 

a 

-3 

-a 

o 

a 

•^ 

a 

•^* 

<3 

^ 

O 

l,4v> 

1.480 
1,12S 

1 

1 

1.12S 



1  .v:: 

1  .1«7 



6,,VX)| 
16,767: 
31.3«|) 
47.2S4 
7l».973 


l!^iV» 

»«,«2 
5S.\153 

4;y.>75 

44-\6l»$' 


•*•••* •«••••••• 


»« •«•«••■ 


17.000, 
13,IXXV 


14,000' 
40,1100 
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AMTHBACITE  COAL  TBADE  OF  PENNSYLVANIA. 

The  folloiriog  Tabla  exhibits  the  Anthracite  Coal  sent  to  Market  ttom  tbe  ditTerent 
Begioni  Id  PanDiylTuiia,  fk'ODi  the  c«m  men  cement  of  the  Trade,  lu  1830,  to  1866, 
incltuiTe. 
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COAL  FIELDS  Of  THE  WOBLD  AND  THEIB  PRODUCTIONS.* 


British  Islands  ....••. 

United  States 

Prussia  aad  Saxony  . 

France 

Belgium , 

Aostria  and  Bohemia 
Spain 


ArM  of  Coal-fields  in  Prodnetiona  in  18M. 

Sqaaro  MUet.  Tons. 

...      6,195 86,000,000 

...200,000 22,000,000 

...    1,000.: 12,000,000 

...      1,000 10,000,000 

610 10,000,000 

...      1,000 2,500,000 

200 400,000 


Arcadia 2,200 


500,000 


Total  coal  production  of  the  world 143,400,000 


TABLE  OF  BRITISH  COAL  PRODUCTION. 


Ko.  of  Tons. 


Valae  at  fi*.  per 

Ton  at  the 

Place  of  Prod  action. 

L846 31,500,000 £7,875,000 

L850 50,000,000, 12,600,000 

L854 64,661,401 16,165,350 

L855 61,453,079 16,113,267 

L856 66,645,450 16,663,862 

1867 65,394,707 16,348,676 

L858 66,008,649 16,262,162 


Years. 


No.  of  Tons. 


Value  at  6#.  per 

Ton  at  the 

Place  of  Prod  notion. 

1859 71,979,765 17,994,941 

1860 80,042,698 20,010,674 

1861 83,635,214 20,908,803 

1862 81,638,338 20,409,584 

1863 86,292,216 21,573,063 

1864t. . . .  90,000,000 $110,000,000 


PRODUCTION  OP  BITUMINOUS  COAL  IN  THE  UNITED  STATES. 

1864— Tons.  .  1885— Tons. 

Alleghany  Coal  Field 9,078,708 9,078,708 

Do.        Increase  in  Maryland  in  1865 245,499 

Do.        Increase  in  Pennsylvania  in  1865 250,000 

Dentral  Coal  Field 2,260,000 2,250,000 

[ncrease  in  Illinois  in  1866 100,000 

N^orthern  or  Michigan  Coal  Fields 100,000 100,000 

Bast  Yirginia  and  North  Carolina 200,000 


Decrease  in  the  Southern  States  in  1865 


11,628,708 


11,974,207 
600,000 


Total  Bitnminons  production  in  1866 11,324,207 

Anthracites '. 11,632,732 


Total  United  States 22,866,939 


*  In  oar  oomprehensiye  Table  on  page  86  we  hare  gWen  Aastria  credit  for  maolL  thst  ceaUy  belongs  to 
Pmssla,  bence  the  difference. 

t  Reported  production,  not  official.    Valne  mtimated  in  dollars,  at  $1.29  per  ton.    These,  howeyer,  are 
ill  low  valnes,  since  the  coal  is  freqaently  worth  seyen  shillings  per  ton  at  the  place  of  prodnction. 
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J«£»I»rmOXS  PER  CAPITA. 

It  tur  j.i«ipt  ■•ryinw  )«)t  IMr  ^rralepment  compsnitirelj  hma  been  done  daring 
i^  1b£  fw  -■i<i~^.  .-yiiiNiqwxi!^  •  fremter  prodnction  per  hemd  per  annBm  u 
^-.'■-"■n  »«»■  II  r!«litj  ti^rr  i»  b*ei>  »  greater  produetion  of  coal  per  head  per 
w  -r  •.  i«Tf  TKT^iv.  w4«kT?T  N>.cifed  in  getting  coal  io  the  Mahanoj  region.  In 
i>  ■*««  w.T  rijpwr.  lit»»i**!.  *  '•'g*  nnmber  of  the  worknen  hu  bwn  engaged 
»•  -.-iMi-K  •«■'  A^nln?^  »i»M  instead  of  digging  and  preparing  cool.  Ths 
'V>w.m.  M^  |A<4»MMH  rrgiont  also  appear  to  dJBadvantage,  becanse  maoj  of 
«it  mm*.  Oiinr  HT  MH«J^  during  the  winter  icason.  There  can  be  no  doabt. 
gww»i  t«i  thi  A*iyik»II  production  is  behind  all  other  regions,  on  aceoant  of 
Hk  ^»w;  AjMt  a'  ti*  Mines,  the  imperfect  improvements  aod  machioerj-  at  man? 
^-  iH    ».**  oftP'K-*''  *^  comparative  aniallneaB  of  many  of  the  seams  worked,  and 

f,  hI  <v.  •X'<f»*  *«amerated,  except  the  Lehigh,  a  large  portion  of  the  time  was 
tw  *"*«  S*^**  "kivh  tended  material!;  to  reduce  the  qaaatitj  of  coal  prodnced 
■M^.  k.<M  X"*  ai^rage  production  during  favorable  seasons  is  about  300  tons  per 
1j,    ^i,  wMMNk  or  one  ton  for  each  man  and  boy  employed  per  day. 

t^h  twtKfW.  i*  a  very  nn satisfactory  and  limited  production  from  onr  large 
^.^^  Vi*^  *^  plainly  condemns  tlie  system  pursued,  since  the  average  produclion 
'^^  V.'M'  }fit  annum  in  the  Great  Northern,  or  Newcastle  coal  field,  where  the 
^gt^t^  Vft  v*^  'f<>u>  tbreo  to  five  feet  tbJek,  is  GOO  ton*. 


STATISTICS  Of  tOAL.  T^T 

^  During  1854  there  were  64,739,789  tons  of  coal  mined  in  Great  Britain,  and 
146,496  n^en  and  boys  employe^  i^t  the  mines,  inside  and  outside.  This  gives  as  the 
average  production  of  the  British  mines  about  440  tons  per  head  per  annum,  while 
tiie  Newcastle  production  is  over  500  tons  per  man  and  boy  per  annum. 

We  havjB  no  reliable  statistics  of  the  Cumberland  region,  but  from  the  Broad  1'op 
region  our  data  is  complete.  The  amount  of  coal  produced  in  1865  were  315,996 
tons,  and  the  number  of  men  and  boys  employed  inside  and  outside  965,  which  gives 
a  production  of  426  tons  per  head  per  annum. 

In  the  Oepartment  of  the  Nord,  France,  where  the  coal  seams  are  very  thin,  from 
two  to  three  feet  thick,  the  production  per  capita. is  only  105  tons;  but,  in  the 
Department  of  the  Loire,  where  the  coal-beds  are  thick,  the  production  per  capita 
IB  244  tons  per  capita. 

CAPITAL  INVESTED  IN  THE  ANTHRACITE  COAL  TRADE. 

.  Li  the  preceding  Table  we  have  given  a  close  estimate  of  the  amount  of  capital 
^kctually  employed  in  mining,  or  the  production  of  coal,  at  $40,000,000.  This  in- 
cludes all  improvements  at  the  collieries,  but  not  the  value,  or  capital  invested  m 
coal  lands,  railroads,  &c 

The  value  of  the  coal  lands  are  estimated  for  the  several  regions,  at  an  avei^age 
6f  $250  per  acre.  Good  coal  lands  can  still  be  purchased  at  $150  per  acre,  but 
lliey  also  command  $1000  in  favorable  localities.  The  entire  area  of  the  anthracite 
eoal  fields  is  estimated  at  470  square  miles.  We  will  accept,  however,  500  squarcr 
vilea,  or  320,000  acres,  as  the  amount  of  land  available,  or  that  which  may  bft 
bought  and  sold  as  coal  lands,  since  it  is  seldom  that  a  large  coal  tract  can  be  pur- 
chased without  taking  in  a  portion  of  unproductive  territory.  At  $250  per  acre, 
which  is  extremely  low,  since  English  coal  lands,  containing  one  half  the  workable 
thickness  of  coal,  sell  readily  at  $5,000  per  acre — the  value  or  capital  represented' 
by  our  mineral  lands  in  the  anthracite  regions  is  $80,000,000. 
*  The  capital  invested  in  railroads  and  canals  penetrating  these  coal  fields,  built 
priocipally  for  their  development,  and  sustained  by  the  coal  trade,  is  $170,000,000^^ 
not  including  the  Northern  Central  and  New  Jersey  Central  railroads.  The  Catta^ 
wiasa,  Northern  Central  and  New  Jersey  Central  are  not  included  in  the  above, 
estimate  on  our  tables,  as  they  were  not  built  expressly  for  the  transportation  of, 
coaL 

BECAPITULATION. 

Capital  invested  in  Mining $40,000,00d' 

"      represented  by  Coal  Lands 80,000,000 

"               "               Railroads , 70,000,000- 

.     «               *'               Canals 40,000,000 


^» 


Total $230,000,000 
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ScliarlUU  HtdgUlaa 

Lahlgh  Coil  tnd  niTlgitlan 

1>*I&TU«  tilvlilaa 

IXUvm  ind  HudioD 

KsrlhBructi 

WjOIDlllJ  Vtlltf 

■uqnidium*  Ml  Tidt-Wili 

ITbIob  Cmul 

W«t  BisDcb. 


!     MI.US 


l,tSt,009 
»U,OM 


MM    #ta,«A3U 


The  length  of  tocomotire  track,  inclndJDg  fidelings,  used  ezcloiivaly  u  caal  roads, 
il  1,SS1(  miles,  aiitl  the  length  of  the  nuun  lioei  856  milea. 

Hie  length  of  mining  tracks  inside  and  ontside  of  the  mines,  inclading  traa^ 
ways,  leading  TrotD  mines  to  shipping  points,  such  as  the  Lehigh  gravity  road%  ^^ 
is  760  miles. 


MIMINQ  TRAOK  INSIDE  AND  OUTSIDE  OF  MINES. 


K^maof  XiglDB.  HIIh. 

Schoylkill  Begioo 201)  . 

Wyoming  and  L&ckawuina  Region  .  251  . 

Lehigh  Regions 61  . 

Mahanoy  Region U  . 

Shamokin  Region 24  . 

Total  miles 596 


*  ^i-i.  tn» 


FLANS  ENGINBS  UBBD  IN  TRAKSPOBTINO  COAL 


Delaware  and  Hndioii  Canal  Co's  PltaM 34 2,165 

Peimaylvaiiia  Goal  Go's  Planet (estimated)    23 2,000 

Lehigh  Goal  and  NaTigation  Go's  Planes 8 1,100 

Lehigh  and  Snaqnehaona  Bulroad  Planes « .      3 8S0 

Mahanoy  and  Broad  Mountain  Bailroad Planes  ...      2 500 

Mine  .flili  and  Mahanoy  Planes '. 2 392 


62  6,547 

Engines  nsed  in  mining  Goal  at  Mines 792  41,453 


Total  Horse-power 854  48,000 


HOME  AND  GOLLESRY  GONSUMPTION. 

'  We  gaTe  the  amount  of  coal  consmned  by  onr  anthracite  blast  fhmaeee  under  the 
'Statistics  of  Iron.  This  is  included  in  the  shipments,  but  the  amount  of  coal  used 
At  the  mines  for  steam,  ventilation  and  other  purposes,  can  only  be  estimated,  since 
fhfBj  do  not  appear  in  the  tables  of  the  trade,  and  are  not  estimated  in  the  colliery 
prodoctions.  Much  of  the  coal  consumed  by  the  colliery  hands,  and  in  fSact  the 
liome  consumption  generally,  are  either  obtained  gnratuitously  from  the  mines,  or 
an  the  production  of  very  small  operations  in  the  outcrops  of  coal-aeams  or  aban- 
doned mines,  which  are  not  noticed  in  the  statistical  returns. 
.  The  theoretical  value  of  coal,  if  all  its  carbon  is  properly  consumed,  and  its 
caloric  utilized,  is  one  horse-power  from  one-tenth  of  a  pound  of  coaL  But  our 
very  best  steam  engines  g^ve  a  horse-power  from  the  combustion  of  two  pounds  of 
coal  per  hour,  and  it  may  be  estimated  as  pretty  good  economy  if  we  obtain  a 
horse-power  from  the  consumption  of  four  pounds  of  coal  per  hour.  .  In  the  coal 
regions  not  less  than  six  pounds  of  coal  are  consumed  per  hour  for  every  horse- 
power while  in  operation,  or  seven  tons  per  one  hundred  horse-power  in  twenty-four 
hours. 

The  number  of  steam  colliery  engines  are  792,  and  the  power  41,453  horses, 
which,  at  a  consumption  of  seven  tons  per  100  horse-power  in  twenty-four  hours,  will 
require  870,813  tons  per  annum  for  the  colliery  eng^es  alone.  To  this  may  be 
added  an  equal  amount  for' the  ventiliating  furnace  fires,  smitha'  works,  miners'  uses, 
Ac,  Ac.  "We  are  safe,  however,  in  stating  that  not  less  than  1,500,000  tons  of  coal 
are  annually  used  for  home  and  colliery  consumption  in  the  Anthracite  Be^onSy 
which  do  not  appear  in  the  published  returns  of  the  coal  trade. 
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SECTION  m. 
LEHIGH  COAL  BASINS. 


Ha  -1.— (8u  Hat.) 
TCK  MOUNTAIN  COAL  00. 

ton  Mdd  Blftck  Creek  Basin  mines : 
collieries,  all  on  "  Back  Monntain" 
below  water  level;  steam-power, 
lorse;  capacity,  125,000  tons  per 
1 ;  production  in  1864,  78,534  tons ; 
5,  88,404  tons. 

JTo.  S. 
SHARP,  WIESS  &  CO. 

ley  mines,  at  Eckley,  in  Big  Black 
Basin,  on  Mammoth  vein,  below 
level ;  steam-power,  275  horse ;  ca- 
,  125,000  tons  per  annum ;  produc- 
1  1864,  109,349 ;  in  1865,  105,411 

No.  8. 
GEO.  B.  MARKLE  &  CO. 

do  mines,  at  Jeddo,  in  Big  Black 
Basin :  Three  slopes  on  Mammoth 
16  in  Back  Mountain  vein ;  steam- 
,  600  horse;  production  in  1864, 
3  tons;  in  1865, 143,897  tons. 

JSo.  4. 
BBVALE  COAL  COMPANY. 

nrale  mines,  at  Ebervale,  in  Big 
Creek  Basin:    Three   slopes  on 
loth;   production  in  1864,  52,137 
in  1865,  54,785  tons. 

Ho.  6. 
RLEIGH  COAL  COMPANY. 

leigh  mines,  at  Harleigh,  in  Big 
Creek  Basin :  Two  slopes  on  Mam- 
steam-power,  140  horse ;  capacity, 
D  tons  per  annum ;  production  in 
(0,796  tons ;  in  1865,  65,455  tons. 

No.  6. 
rrOUT  COAL  COMPANY. 

lesville  mines,  at  Milnesville,  In 
Black  Creek  Basin :  Three  slopes 


on  Mammoth  and  Buck  Mountain ;  steam- 
power,  195  horse ;  capacity,  100,000  tons 
per  annum ;  production  in  1864^  61,214; 
in  1865,  56,741  tons. 

No.  7. 

PACKER,  LINDERMAN  &  CO. 

Stockton  mines,  at  Stockton,  Hazleton 
Basin  :  Four  slopes  on  Mammoth ;  steam- 
power,  670  horse;  capacity,  1,000  tons 
per  day ;  production  in  1864, 143,090  tons ; 
in  1865,  123,615  tons. 

No.  8. 
A.  PARDEE  &  CO. 

Hazleton  mines,  Diamond  mines,  Lau- 
rel Hill  mines.  Cranberry  mines,  Crystal 
Ridge  mines  No.  1,  and  Crystal  Ridge 
mines  No.  2:  Eight  collieries  below 
water  level  on  Mammoth  bed;  steam- 
power,  1,032  horse ;  capacity,  10,000  tons 
per  week;  production  in  1864,  210,907 
tons ;  in  1865, 170,718  tons. 

No.  9. 

TAGGART,  HALSEY  &  CO. 

Mount  Pleasant  mines,  Hazleton  Basin, 
west  of  Hazleton :  Two  slopes  on  Mam- 
moth ;  production  in  1864,  39,391  tons ; 
in  1865,  28,426  tons. 

No.  10. 

ASHBURTON  COAL  COMPANY. 

Ashburton  mines,  Hazleton  Basin,  four 
miles  west  of  Hazleton :  New  place  in 
coarse  of  development;  no  shipments;' 
on  Wharton  (Skidmore)  and  other  white 
ash  seams ;  steam-power,  150  horse. 

No.  11. 
WILLIAM  T.  CARTER  &  SON. 

Coleraine  mines,  in  Beaver  Meadow 
Basin ;  Three  slopes  on  Mammoth ;  steam- 
power,  275  horse ;  capacity,  2,000  tons 
per  week;  production  in  1864,  49,181 
tons ;  in  1865,  54,735  tons. 


tn: 


HONEY  BROOK  COAL  BASINS. 

'  Vo.  tS-SM  xw. 
HONEY  BBOOK  COAL  COMPAKY. 

Capital,   S3,00O,00O, 


.  lleoe1el»»todHaM7BiMkM4AidaBriedminukn1ocmt«dmGul>oB,t«aani^ 
ud  Schnylldll  oonntfee,  (we  Map  of  the  AnthrMite  Selds,)  uid  in  die  weatent,  ud 
perhapi  the  most  productive  portion  of  the  firat  Lehigh  coal  field,  geaeEKUj  kaMn 
U  the  Bearer  Meftdow  Bum. 

Beference  is  tnkde  to  the  Hone;  Brook  Buini  on  pkgv  192  and  193,  when 
■ome  donbt  is  expreased,  though  not  prejudicial,  M  to  the  number  flf  coal  hmu 
uid  the  depth  of  the  baaini;  bat  above  ire  preaeat  an  actuate  tnaavnae 
■action  of  these  basins. 

It  wHl  be  noticed,  and  demonttrated  bj  the  accomputjing  Mctim,  «b  tte  MbI 
pago,  that  the  Mammoth  faed  is  hen  m  ha  best  condition,  and  that  all  the  lower 
nesnin.  exoept  A,  an  in  good  cendltfoK.  One  Tory  singnlar  featnre  of  these  baaini 
is  the  existence  of  the  lower  bed,  B,  on  the  re4-*halt,  and  the  co^glomonte 
between  the  beds. 

The  lower  veins,  boffOTer,  an  not  as  targe  hen  as  in  a  few  other  parts  of  tiM 
I<ehigh  Begiona,  bnt  the  Mammoth  is  in  its  maximnm  siae,  and  presents  a  mafiu. 
flcent  bed  of  nearly  pan  coal,  from  thirty-Dre  to  forty  feet  in  thickness. 

ne  Lehigh  coals  enjoy  a  bigger  repotatio;!  genenrily  than  any  other  coal 
MDt  to  market,  and  the  prodnotion  of  the  Honey  Brook  mines  is  the  vary 
iett  L»higK 


DESCBIF7I0K  or  XINES. 


Tsa 


Fbr  all  {mrpoaM  in  vhioh  AnthrMito  hel  la  »TMl&bla,  tbb  «m1  ii  t,  nperiov 
FifBi*  iM.  urtiole,  from  its  prethninent  pnritjf  and  freedom  ttom  nU- 

pkur  and  slate. 

The  ucompuiyinK  sectioo  of  the  Memmoth  presents  six 
Eolid  benches  of  coal  that  cunot  be  eqofttled  in  the  Lehigh 
BegioD;  while  both  the  Whartoo,  D,  (Skidmore,)  and  the 
Bnck  UonntoiD,  fi,  as  represented,  are  fine  workable 
seam  a. 


There  are  three  large  collieries  at  Hooej  Brook;  one 
known  as  the  "Andenried  shaft"  in  the  right,  or  North 
basin,  and  two  in  the  left,  (slopes,)  or  South  basin,  as 
represented.  They  are  all  provided  with  powerfel  ma- 
chioerj  for  pampiog  water,  and  hoisting  and  preparing 
coal— the  aggregate  power  is  about  1,000  horse.  The 
present  capacity  of  the  mines  is  abont  300,000  tons  per 
annum,  if  worked  ap  to  their  ability,  while  the  property 
is  capable  of  prodacing  doable  the  amount  for  fiftj  years 
to  come.  Abont  150,000  tons  were  produced  dnring 
1864r  and  ISt.OOO  tons  in  1866.  The  great  drawback  to 
the  prodnction  has  been  the  want  of  transportation  from 
the  mines  to  the  markets,  which  has  been  suffered  in 
common  with  all  the  Lehigh  shippers.  An  opportnoity 
exists,  however,  to  coiineet  these  mines  by  a  short  and 
favorable  road  with  the  Little  Schuylkill  and  Reading 
Railroad,  and  open  eventually  a  new  ostlet  to  both  Fhlla- 
delphia  and  New  York. 


The  Honey  Brook  Estate  conslBts  of  1,166  acres  of  land, 
and  the  amoaot  of  coal  which  it  cootaina  has  been  esti* 
maUd  at  from  30,000,000  to  60,000,000  teiii.  The  three 
collieries  now  in  operation  are  fally  eqiud  to  the  produc- 
tion  of  1,000  t4ns  per  day,  while  there  is  ample  room  for 
three  additional  collieries  of  equd  or  great«T  eapacity. 
The  total  capacity  of  the  property  nay  theieftire  be  stated 
at  500,000  tons  per  annnm. 

The  mining  Tillngei  of  Andenried,  Honey  Brook  and 
Springville,  which    are  located  on  this  property,  contain 


C«i  BBctm*  1 


lac 


I  ■  •  ■ ' 


imnDix. 


tttrij  two."  Imndrad  himmBi  wUto  Aadeiuried,  t&e  prtnoipia  Village,  iHia  a  fie 
liolali  and  U  one  of  Ihe  prettiest  TiUagos  in  the  Coal  Begfons. 


FBESIDENT: 

J.  B.  MoCBBARY. 


TBEASUBEBi 

DAVIS   PEAESON. 


8ECEET ART : 

S.   MoHENRY. 


J.  B.  MoORBARY, 
LEWIS  AUDENRIBD, 


DIBECTOBS: 

DAYIS  FEABSiDil!^; 
GEORGE  H.  USTSgS,. 


o 


THOHAS  A.  REBYBS. 


Ho.  U. 

GERMAN  PENNSYLVANIA  GOAL 
COMPANY. 

IVesckow:  Two  collieries  in  Beaver 
Meadow  Basin;  three  slopes;  one  on 
Wharton  (Skidmore)  and  two  on  Mam- 
moth ;  steam-power,  420  horse ;  capacity, 
100,000  tons  per  annnm;  production  in 
1864,  78,402  tons ;  in  1865,  67,448  tons. 

Ho.  18. 
SPRING  MOUNTAIN  COAL  CO. 

JeansTille  mines,  in  Beaver  Meadow 
Basin :  Five  slopes  on  Mammoth ;  stean^ 
power,  636  horse ;  capacity,  150,000  tons 


per  annum ;  production  in  1864, 102,881- 
tons  ;^in  1865,  97,180  tons. 

TSfo.  14. 
THOMAS  HULL  Jb  CO. 

Smith's  Spring  Mountain  mines,  in 
Beaver  Meadow  Basin,  west  of  Jeaoa« 
ville:  Three  slopes  on  Mammoth;  ca- 
pacity, 100,000  tons  per  amiai ;  pTodic* 
tion  in  1864,  53,110  tons;  in  1866^  66Jt48 

tons. 

Ho.  16. 

McAULEY  MOUNTAIN  COAL  CO. 

In  McAuley  Mountain  Baafn,  which  is 
the  most  western  alid  limiled  of  the  Le- 
high Coal  Basins.  Buck  Mmmtain  Wdn, 
production  in  1865,  546  tons. 


DESCBIPnON  OF  VINES. 


MIDDLE  COAL  FIELD— SHAMOKIN  REGION. 


Ho.  S. 
"WTLLLAM  MONTELinS. 
StDartsville  colliery,  near  Monnt  Car- 
mel,  on  land  of  IiocQst  Monntam  Goal 
and  Iron  Compsnj:  Mammoth  TeiD,  above 
and  below  water  level ;  average  capacity, 
50,000  tons  per  anoam ;  prodoction  in 
166S, 23,251  tons;  Bteam-power, 60 horse. 

No.  3. 
WM.  F.  PATTERSON  A  CO. 
Coal  UonntaiD  colliery;  location  Mount 
Carmel,  on  laoda  of  Snsqnehanna  Coal 
and  Coal  Monntain  Company :  Mammoth 
Tein,  below  water  level ;  production  in 
1665, 8(963  tons ;  Bteam-power,  130  horse. 

No.  4. 

HOOVER  t  YARNALL. 

Isaac  Taylor  colliery,  near  Ut.  Garmel, 

on  Munmoth :  Frodnction  in  1865, 4,596. 

No.  S. 
SAMUEL  JOHNS  &  SONS. 
Green  Mountain  colliery,  near  Monnt 
Carmel,  on  lands  of  Green  Moantain  Coal 
Company  ;  Capacity,  30,000  tons  per  an- 
nuo); Mammoth  vein  above  water  level; 
Bteam-power,  40  horse ;  prodaction  io 
1865, 14,732  tons. 

No.e. 
J.  H.  DEWEES. 

Excelsior  colliery,  on  Falton  Coal  Co, 
lands,  above  water  level,  on  the  Mam- 
moth ;  Steam-power,  30  hotae ;  capacity, 
50,000  tons  per  aoaum;  prodncttOD  in 
1865, 18,572  tons. 


No.  7. 
J.  B.  DOUTY  4  CO. 
Crittenden  colliery,  near  Locnst  Gap, 
on  Fulton  Improvement  Coal  Company 
lands,  above  water  level,  on  Mammoth 
or  Twin  veins :  Steam-power,  25  horse  ; 
capacity,  30,000  tons  per  annuni ;  produc- 
tion in  1865, 13,919  tons. 

No.  8. 
C.  P.  NORTON  4  CO. 
Enterprise  colliery,  near  Locnst  Gap, 
on  Fulton  Improvement  Company  land, 
shove  water  level,  on  Mammoth  vein : 
Steam-power,  25  horse ;  capacity,  30,000 
tons  per  annum;  prodaction  in  1865, 
11,372  tons. 

No.  g. 

SHAMOKIN  GOAL  COMPANY. 

Lancaster  colliery,  on  the  lands  of 
Shamokin  Valley  and  Pottsville  Railroad 
Company,  on  Mammoth  vein ;  Produc- 
tion in  1865,  43,751  tons. 

No.  10. 
J.  n.  DEWEES  &  BROTUEE. 
Lambert  colliery,  on  land  of  New  York 
and  Middle  Coal-field  Company,  below 
water  level,  Orchard  vein.  Bed-ash  coal: 
Steam-power,  60  horse ;  capacity,  5,000 
tons  per  month;  prodaction  in  1865, 
16,528  tons. 

No.  11. 

BURN8IDE  COAL  AND  IRON  GO. 
Lake  Fidler  colliery:   Red-ash  coal; 
prodaction  in  1865, 12,394  tons. 


•ma' 
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Vo.ll. 

DOXmr  4b  PENNINGTON. 

Near  Shamokin,  on  land  of  B.  A.  G. 
Fuller,  below  water  lerel :  Steam-pomr, 
80  horse;  capacity,  50,000  toes  pertti- 
nnm ;  new  colliery  in  cooree  of  devdop- 
BMnt 

J.  B.  DOUTY,  AoBfT. 

Henry  Clay  colliery,  near  Shamokin,  on 
land  of  B.  A.  G.  Fuller,  abore  water 
loTel,  on  Mammoth  yein :  Steam-power, 
80 horse;  capacity,  60,000  tona  per  an- 
nua ;  production  in  1865,  32,523  tons. 

■ 

Vo.14. 

MAY,  PATTEBSON  4b  BROTHER. 

Buck  Bidge  colliery,  near  Shamokin, 
on  lands  of  Johnston  4k  Banshaw, 
aboTO  water  level,  on  Mammoth  vein: 
Steam-power,  30  horse;  eiqpacity,  100,000 
ions  per  annum;  production  In  1865, 

BIRD  COAL  AND  IRON  COMPANY. 

Big  Mountain  colliery,  near  Shamokin, 
on  lands  of  Big  Mountain  Improvement 
Company,  above  water  level.  Mammoth 
or  Twin  veins :  Steam«power,  30  horse ; 
capacity,  500  tons  per  day ;  production 
in  1865,  40,294  tons. 

Vo.  10. 
JOHN  HAAS  4b  CO. 

Cameron  colliery,  below  Shamokin,  on 
lands  of  William  Cameron  4b  Co.,  above 
water  level.  Buck  Mountain  and  other 
veins;  steam-power,  20  horse;  capacity, 
100,000  tons  per  annum;  production  in 
1865,  66,114  tons. 


Vo.17. 
&  BFTTENBENDBR  4b  00. 

Bumaida  colliery,  near  Shamokin,  on 
laadi  of  B||p  Mountain  Improvement 
Company,  above  water  level,  on  Mam- 
motk  aad  Primrose  veins :  Steam-power, 
60  horse ;  capacity,  50,000  tone  per 


omn;  production  in  1865, 29pJ6B  kma. 

Vo.  18. 

SHAMOKIN  AND  BEAR  VALLEY 
COAL  COMPANY. 

Bear  Yalley  colliery.  Carbon  Rnn,  on 
lands  of  Shamokin  and  Bear  Yalley  Goal 
Company,  above  water  level,  on  Mam- 
moth or  TVin  veins:  Steam-power,  30 
horse;  capacity,  70,000  tons  per  annum; 
production  in  1865,  36,539  tons. 

Vo.  19. 
BALLARD  4b  CO. ' 

Continental  colliery,  on  lands  of  FoItoB 
Improvement  Company,  above  water  lev. 
el,  on  Mammoth  and  Overlying  Teina: 
Steam-power,  45  horse ;  capacity,  ^,000 
tons  per  annum ;  production  in  1865, 
4,136  tons. 

S'o.sa 

TREVERTON  COAL  COMPANY, 

At  Tfeverton,  on  land  of  IVeverion 
Coal  Company,  aboVe  water  level,  on 
Buck  Mountain  and  other  lower  veins; 
production  in  1865,  27,095. 

Vo.  81. 
SUTTON  4b  HENRY. 

Dan  Webster  colliery :  New  enterprise 
in  course  of  development ;  productloD  in 
1865, 10  tons. 
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MAHANOY  REGION— MIDDLE  COAL  FIELD. 


No.  1. 
T.  F.  PATTERSON  &  CO. 

Al>OYe  Mabanoy  City,  on  Delano  lands ; 
sonth  dips  of  Skidmore  and  Back  Moun- 
tain veins,  above  water  level;  Steam- 
power,  20  horse ;  new  place. 

No.  2. 
GORMAN  &  WINTBRSTEEN. 

Above  Mahanoj  City,  on  Delano  lands ; 
north  dips  of  Skidmore  and  Back  Moun- 
tain veins,  above  water  level ;  new  place. 

No.  3. 
THOMAS  GORMAN. 

(Now  Hartford  Associated  Coal  Co.) 

Thomas  Gorman's  colliery,  near  Ma- 
banoy City,  on  Kear  &  Patterson's  lands, 
above  water  level,  on  Buck  Mountain 
vein :  Steam-power,  20  horse  ;  capacity, 
300  tons  per  day;  production  in  1865, 
26,918  tons. 

No.  4. 

EAST  MAHANOY  COAL  CO. 

Near  Mabanoy  City,  on  Delano  lands, 
above  water  level,  on  Skidmore  and  Buck 
Mountain  vein:  Production  in  1865, 
13,683  tons. 

No.  6. 
HILL  &  HARRIS. 

Mahanoy  City  colliery,  on  lands  of  Dun- 
das,  Troutman  &  Biddle,  on  Skidmore, 
Mammoth  and  Primrose  veins,  above 
water  level :  Steam-power,  30  horse  ;  ca- 
pacity, 5,000  tons  per  month;  produc- 
tion, 40,144  tons  in  1865. 

JNo.  6. 

ST.  NICHOLAS  COAL  COMPANY. 

St.  Nicholas  colliery,  below  Mahanoy 
City,  on  lands  of  Dundas,  Troutman  & 
Biddle,  above  water  level,  on  Mammoth 
and  Buck  Mountain  veins :  Steam-power, 
30  horse ;  capacity,  125,000  tons  per  an- 
num ;  production  in  1865,  90,818  tons. 


No.  7. 
WIGGAN  &  TREIBLES. 

Near  St.  Nicholas,  on  lands  of  Dundas, 
Troutman  &  Biddle,  above  water  level, 
on  Mammoth  and  other  veins:  produc- 
tion, 44,952  tons  in  1865. 

No.  8. 
ALTHOUSE  &  FOCHT. 

Boston  Run  colliery,  on  lands  of  Kear 
&  Patterson,  above  water  level,  on  Mam- 
moth, Skidmore  and  Buck  Mountain 
veins :  production  in  1865,  40,870  tons. 

No.  9. 
GEORGE  W.  COLE. 

Tunnel  Ridge  colliery,  on  lands  of  Dun- 
das, Troutman  &  Biddle,  above  water 
level,  on  Mammoth,  Primrose  and  Skid- 
more veins  :  Steam-power,  60  horse  ;  pro 
duction  in  1865,  39,524  tons. 

No.  10. 
RATHBUN,  STEARNS  &  CO. 

(Now  Associate  Coal  Company.) 

Rathbun  colliery,  near  Mahony  City, 
on  lands  of  Kear  &  Patterson,  above 
water  level,  on  Primrose  and  Mammoth 
veins  :  Capacity,  50,000  tons  per  annum ; 
production  in  1865,  28,427  tons. 

No.  11. 

MAMMOTH  VEIN  CONSOLIDATED 
COAL  COMPANY. 

Mahanoy  Valley  colliery,  above  Ma- 
hanoy planes.  Tunnel,  above  water  level, 
on  Primrose  and  Mammoth  veins :  Steam- 
power,  30  horse;  production  in  1866, 
from  four  collieries,  including  **  Locust 
Mt,"  and  the  "Locust  Gap"  collieries, 
113,209  tons. 

(See  description  in  Schuylkill  Region.) 
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No.  IS. 
GILBERTON  COAL  COMPANY. 

Gilberton  colliery,  MahaDoy  Valley,  on 
lands  of  John  Gilbert,  below  water  level, 
on  Mammoth  vein :  Steam-power,  250 
horse ;  capacity,  100,000  tons  per  annum ; 
production  in  1865,  35,259  tons. 

No.  18. 
W.  H.  SHEAFER. 

Old  Tunnel,  on  the  Girard  Estate,  above 
water  level,  on  Skidmore ;  production  in 
1865,  5,973  tons. 

No.  15. 
0.  GARRETSON. 

Girard  colliery,  below  planes,  on  Mam- 
moth and  lower  veins;  production  in 
1865,  31,784. 

No.  16. 
DENGLER  &  ROBINSON. 

(Now  Boston  and  Mahanoy  Coal  Co.) 
Opposite  Mahanoy  planes,  slope   on 

Mammoth;   production  in  1865,  10,215 

tons. 

No.  17. 
CONNER  &  CO. 

Locust  spring  colliery,  on  the  Girard 
Estate,  above  water  level,  on  Mammoth 
and  Primrose  veins:  Steam-power,  15 
horse ;  capacity,  200  tons  per  day. 

(See  Conner  &  Patterson.) 

No.  19. 
GEO.  W.  HUNTZINGER  &  CO. 

Colorado  colliery,  on  Girard  Estate,  in 
Shenandoah  Valley,  below  Shenandoah 
City,  above  water  level,  on  Mammoth 
vein :  Steam-power,  30  horse  ;  capacity, 
75,000  tons  per  annum;  production  in 
1865,  22,431  tons. 

No.  SO. 
S.  E.  GRISCOM  &  CO. 

In  Shenandoah  Valley,  two  mUes  below 
Shenandoah  City,  above  water  level,  on 
Orchards,  Primrose,  Mammoth,  and 
Lower  beds:  Steam-power,  40  horse; 
capacity,  500  tons  per  day ;  production 
in  1865,  9,121  tons. 


No.  21. 
GIRARD  MUTUAL  OOAI«  CO. 

Shenandoah  colliery,  on  Girard  Bstate. 
in  Shenandoah  Valley,  below  SheoMidoali 
City,  above  water  level.  Mammoth  Tefa : 
Steam-power,  30  horse ;  capacitjt  75.000 
tons  per  annum;  production  io  lJB6ft» 
36,900  tons. 

No.  SS. 
A.  C.  MILLER  k  CO. 

Shenandoah  City  colliery,  (P.  W. 
Sheafer,  agent  for  land-owners) — above 
water  level,  on  Buck  Mountain,  Skid- 
more  and  Mammoth:  Steam-power,  75 
horse;  capacity,  100,000  tons;  produc- 
tion in  1865,  74,902  tons. 

No.  28. 
KNICKERBOCKER  COAL  CO. 

(Late  Fowler  &  Huhn.) 

Shenandoah  colliery,  above  Shenan- 
doah City,  on  lands  of  Dundaa,  Troutman 
&  Biddle,  above  water  level,  on  Back 
Mountain,  Skidmore,  Mammoth  and 
Primrose  veins :  Steam-power,  50  horse  ; 
capacity,  100,000  tons  per  annum;  pro- 
duction in  1865,  27,602  tons. 

No.  24. 
SUFFOLK  COAL  COMPANY. 

Suffolk  colliery,  near  St  Nicholas,  on 
lands  of  Dundas,  Troutman  &  Biddle, 
above  water  level,  on  Buck  Mountain, 
Skidmore,  Mammoth  and  Primrose  veins : 
Steam-power,  30  horse ;  capacity,  100,000 
tons  per  annum;  production  in  1865, 
39,083  tons. 

No.  26. 
GLENVILLE  COAL  COMPANY. 

Glenville  colliery,  near  the  McNcal 
Coal  Company,  on  lands  of  Dundas, 
Troutman  &  Biddle,  above  water  level, 
on  Buck  Mountain,  Skidmore,  Mammoth 
and  Primrose  veins:  Steam-power,  40 
horse ;  capacity,  100,000  tons  per  annum ; 
production  in  1865,  58,945  tons. 
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No.  18— Baa  Hap. 


GIRAEDSVILLE  CX)LLIEBY.t 

This  colliery  ig  located  on  the  Girard  Estate,  or  Philadelphia  cit;  InndB,  near 
Girardsville,  and  on  the  soQthern  dips  of  the  Mahanoj  buin,  where  the  coaJ-beds 
commence  to  overlap  the  Loctst  Ridge  into  the  Shenandoah  Talley.  The  Mantmotli 
bed  eiista  here  in  its  best  condition,  abont  25  feet  thick,  with  a  breast  of  240  feet 
■bove  water  level,  and  a  "  ran"  of  two  miles.  The  Skidnore  is  also  in  its  best  liae 
Mid  character  16  feet  thick,  with  a  breast  above  wat«r  level  of  2,700  feet,  and  the 
same  "run"  as  the  Hammoth,  The  next  nnderlpng  bed,  the  Buck  Honntain,  ii 
reported  as  not  opened,  its  average  size  is  16  feet  Above  the  Mammoth  are  foand 
the  Hahaooj  (Primrose)  and  the  Orchards,  all  in  good  condition,  the  latter  being 
red-aeh  seams. 

The  mines  of  the  Oirardsville  colliery  is  above  w«t«r  level,  and  the  amonnt  of 
ooal  still  available,  witbont  sloping,  will  last  for  many  years  to  come. 

The  capacity  of  this  colliery  is  fully  100,000  tons  per  ananm,  but,  like  others, 
nSer  for  want  of  transportation.  Tlie  production  in  1B6S  was  47,1SQ  tool,  iDd 
including  the  Locnst  Spring  colliery,  of  Conner  ft  Co.,  65,532  tons.  Dnriog  18C4 
these  two  collieries  produced  61,097  tone,  yet  the  mining  facilities  in  1865  were 
greater  than  1964. 

The  coal  produced  ftom  these  collieries  is  the  celebrated  "  Locost  ICoantain," 
and,  like  all  or  most  of  the  coat  obtained  from  this  fatnons  Anthracite  range,  ii 
■plendid  in  appearance,  and  almost  a  pnre  carbon.  It  was  nsed  extensively  by  onr 
Oovemment  daring  the  war  for  steam  pnrpoees  on  board  the  blockaders  along  the 
southern  coast.  It  bams  freely,  produces  no  smoke,  and  leaves  a  small  residne  of 
ash,  withoat  embers  or  clinkers.  We  consider  this  colliery  one  of  the  beat  in  the 
Anthracite  regions.    The  present  proprietor  is 

Coi.  JAMBS  J.  CONNER, 

Of  PotttviOe. 

•  TUi  Brn  luu  baeo  dlawlT«d,  ij  th*  wUbdnwftl  at  Jatfb  S.  PUtaKm,  iIbm  (Ui  UlnitntlsB  ww 
t  ThialMT*lUutnUUaUaotdMlffB*dM*NrnHaUllgB*ftU*aoUte7,bmt  Ihillfl 
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DBlCRimoB.— yignre  IVtt  i*  a  traniTenc  lectlon  from  the  Lncail  to  tbs  Mibanoj  monn- 
UlQi,  on  the  PrwIoD  Estate,  ■  llttla  totbe  veM  of  Girardsville.  Tbo  Mahaooj  moiinMiD  U 
oo  tbe  Ion,  aad  tbo  Locail  un  the  right  of  tbs  aecUon.  The  obserrer  looki  west :  a  a  are 
drifka  on  the  Matnmoth  and  Mahsnaj,  and  aapplj  the  Preaton  colliery,  No.  t,  Ihc  breaker  of 
wblcb  ia  located  al  d  ;  b  la  the  PresloD  collierj.  No.  2,  vhlch  la  enpplled  by  alope  c,  on  tbe 
Hammotb,  and  t>o  drtfte  od  the  Bnck  Uouataln ;  c  la  a  water-level  tDimd,  wbieh  dralna  the 
•lopee;  0  1*  a  imall  baaln,  on  whlcb  the  Folktoo  colllerj  la  located.  Tbia  baain  tenninatea 
a  abort  dlatanee  weat,  and  the  working*  of  the  )  olktoD  roUlarj,  paatlog  aronnd  the  weat  end 
of  tba  middle  baal^  solar  tbe  lett  baaln  nader  X. 

The  Preaton  colllerj,  'So.  4,  o,  la  loeated  abont  me  mile  weat  of  the  Folkton,  and  la  avp- 
pUed  by  Innnsl  A,  wbleb  enia  tb«  lower  tcd-aah  aaami,  tbe  Hammolb  and  all  the  whlt«-Mta 
ba^  The  FolkloacolUerj  la  not  located  on  tbe  aectlon,  but  tbe  tunnel  1,  apparenllj  under 
tba  No.  4  eolUerr,  tboagb  nearlj  one  mile  eaat,  draint  the  dope  of  ibe  Folkton.  The  leuare 
A,  B,  C,  D,  B,  r,  O,  denote  tbe  whlte^aah  beda,  and  H,  1,  J  and  K  the  red-aab  aeami. 
THK  PKESTON  COAL  AND  IMPltOVKMENT  COMPANY. 

ThiK  compaay  was  incorporated  by  special  act  of  the  Pennsylvania  I-iegialatnre, 
Harch  I6th,  tMi.  The  Preston  Estate  consists  of  2,fl00  acres  of  land,  of  which 
2,000  are  within  the  coal  measures,  and  in  the  centre  of  the  Mahanoy  Reg-ion  of  the 
middle  eoal-Beld.  The  lands  of  this  compai^  extend  across  the  Celd,  and  cODlun 
two  deep  and"  eitensJTe  basins  of  coal  to  the  west,  and  tliree  basins  to  the  east,  as 
above  represented.  All  the  coal-beds  of  this  region  eiist  on  the  property,  and  all 
the  beds  of  the  Anthracite  coal-fields,  except  the  three  upper  ones  in  the  FottsTille 
district.  Oor  section  presents  foor  red-ash  seams,  the  two  Orchards,  the  Diunond 
or  Daddow,  and  the  Clinton,  with  an  aggregate  thickness  of  from  20  to  30  feet  of 
coal.  The  white-ash  beds  are,  the  Mahanoy,  or  G,  12  feet  thick ;  the  Holmes,  F,  or 
"SercD  Feet,"  7  feet  thick;  the  Mammoth,  E,  from  25  to  30  feet;  the  Skidmore, 
D,  10  feet;  the  Bnck  Mountain,  B,  16  feet,  and  two  small  seams,  C  and  A,  from  2 
to  5  feet  respectively.  The  aggregate  thickness  of  the  white-ash  beds  range  from 
70  to  80  feet,  and  the  total  thickness  is  100  feet  of  arailable  coal  on  this  property. 

A  large  amnnnt  of  this  coal  lies  above  water  level,  or  the  natnral  drainage,  and 
this  advantage  lias  been  made  available  by  the  company ;  their  mines  are  all  drained 
by  gangways  and  tnnnela,  thns  saving  a  large  ezpendilnre  for  pamping  machinery, 
uid  the  constant  expense  of  keeping  it  in  operation.  These  are  large  and  important 
itemi  in  mining  economy. 

There  are  now  foar  collieries  on  the  Preston  Estate,  with  ample  room  for,  at  least, 
two  more.  Those  in  operation  are  named  and  described  in  connection  with  Uie  trana- 
verM  section.    The  Preaton  colliery.  No.  4,  ii  abont  one  mile  west  of  the  Folkton, 
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OD  tbo  Orchardg,  (red-ash,)  Mahanoy,  Seven  Feet,  M&mmoth  and  all  the  lower 

beds,  by  tnunel  in  the  Mahaooy  moDntain.     The  "breaBtfng"  ">'  '**• 

on  the  Hamnoth  and  lower  seaTOB  is  over  900  feet  on  the  face 

of  the  moaDtain,  cnnFieqaently  two   "coaoter  leveb"  wUl  be 

reqnired  to  obtain  the  coal.    This  will  give  n'z  gangwayt  on 

each  coal-bed,  or  eif^hteen  on  the  three  principal  Beams,  while 

tbe  "nm"  is  tno  milen  east  and  west.     One  thoasand  toDS  of 

coal  per  day  can  be  obtaioed  from  IhiE  colliery  with  ease,  and 

llie  breaker  capacity  is  equal  to  the  mine  prodaction.    The 

Preit«D,  No.  i  coal-breaker  is,  perhaps,  the  largest  ooe  in  the 

Aathracite  Regions  in  dimensions  or  capacity,  aod  is  provided 

with  a  double  set  of  rolls  for  tho  purpose  of  preparing  both 

white  and  red-aafa  coal. 

The  constrnctjon  aod  the  machinery  of  this  great  coal-pre- 
paring establishment  reflects  credit  on  the  company's  superin- 
tendent. Mr.  Kaerncr,  and  the  mechanics,  Messrs.  Wren,  of 
the  Washington  iron  works,  rottaville. 

When  fully  developed,  this  colliery  is  capable  of  prodnciog 
1,000  tons  of  coal  per  dny  from  above  water-level,  for  many 
years  to  come.  A.  gloucc  at  the  accompanying  sections  of  the 
three  principal  coal-beds,  G,  E  and  B,  will  be  saSicient  to  de- 
monstrate the  pnrity  at  the  coal  and  the  absence  of  slate  in 
the  seams.  Q  is  frequently  foand  12  feet  thick  in  one  solid 
bench  of  splendid  coal,  while  both  E  and  B  have  only  two 
amall  partings  each.  The  coal  of  Mahanoy  region  is  generally 
excellent  in  qnality  and  prepossessing  in  appearance ;  and,  we 
may  state,  without  hesitation,  that  the  Preston  coals  are  equal 
to  the  best  "Locust  Moantain"  or  Mahanoy  coal.  The  steam 
capacity  of  the  four  collieries  on  this  estate  is  only  370  horse- 
power, since  no  pumping  miidiinery  is  required,  yet  their  ca- 
pacity is  from  400,000  to  500,000  tons  per  annum.  The  pro- 
dnctioD  during  1665  was  only  86,577  tons,  bat  the  frequent 
suspensions  of  last  year,  and  the  inadequate  transportation, 
prevented  a  greater  tonnage.  Only  two  collieries,  the  Preston, 
Nos.  1  and  2,  aod  the  Polktoo,  for  a  short  time  only,  were  in 
operation.  The  No.  4  colliery  is  scarcely  yet  completed,  but 
will  be  ready  for  operation  for  the  Spring  business. 

The  focilities  for  transportation  from  these  collieries  to  the 
markets  are  equal  to  any  in  the  valley.  There  are  three  out- 
lets to  Philadelphia  now  open,  and  a  fourth,  to  New  York,  in 
course  of  construction,  while  a  fifth,  to  both  Philadelphia  and 
New  York,  is  under  consideration.  We  may  Bay  in  a  word, 
that  the  Preston  Coal  and  Improvement  Compauj  cannot  fail 
to  be  one  of  the  most  snccessful  in  the  Anthracite  reg^ions,  un- 
der careful  and  judicious  management. 

The  officers  and  directors  of  the  company  are : 

/Vaitdmi— IIoB.  HENRY  D.  MOORE.    '     Vite-Pre»idml—QEO.  J.  FOREST. 
Secretary  and  2V«a#arer— H.  P.  RUTTER. 
Direetort — Hrksi  D.  Moons.        Wm.  Q.  Moobbud.         On.  J.  Foattr.  ' 
Wk.  Huntrr,  Jlh.  J.  Hicks  Conrad. 
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^"  lano  Land  Company,  below  water  level, 

MoNEAL  rOAL  AND  JROS  CO.     i  on  Buck  Monntain  Tein  :    Steami>ower; 

ierj.  on  their  tfwn  lands,  I  130  horse;  prodaction  in  1865 
oc  Prlcrose.  Mammoth 
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iPT  OiTT.  aboie  water  lereL 
and   Skidmore :    Steam- 
70  knw:   prodactioa  in  1865. 
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SHvaK-iv.  Mammoth  | 
k>«\»r.  :!3  horse ; ; 
jMi^lkV  ".^i^  iM?c  aaaum;  pro- 

A^rsS  JI  t\H  HT. 

.'1    ^>.':.*:x''rY.   on    lands    of 

\V;t»f;»n\\    above    water 

,<^   M^'ttiitain,  (lamma  and 

;ilva:«t":vwer,  30  horse;   ca- 

A*M«  \^T  annum;  produc- 

,<\,tki  tons. 


Mo.  38. 
MKVKK  Jfc  l^VMAN. 
\V«  M^ut  Ktua  Coal  Company.) 

10^  c^lM^rjt  oa  lands  of  De- 


No.  8S. 
J.  k  0.  0.  B0W3IAN. 

i 

Delano  coUierj,  on  lands  of  Delano 
'  Land  Company,  above   water  level,  on 
Skidmore  vein  :   Steam-power.  20  horse: 
capacity,  70,000  tons  per  annum;  pro- 
duction in  1865,  34,258  tons. 

No,  35. 
SCHALL  &  DONAHOE. 

On  Big  Mine  Run,  Buck  Mountain 
vein:  Production  in  1865.  17.957  tons. 

No.  38. 
BAST  A  PEABSON. 

Two  collieries  on  Big  Mine  Bun :  One 
in  operation  in  1865.  on  Mammoth  and 
other  white-ash  veins :  steam-power.  145 
horse ;  capacity,  150,000  tons  per  annum; 
production  in  1865,  89.087  tons. 

(See  locust  Mountain  Coal  and  Iron 
Company,  page  743.) 

No.  87. 
UNION  COAL  COMPANY. 

Formerly  Keystone  and  Tunnel  collier- 
ies.  ♦♦  Tunnel,"  recently  disposed  of  to 
the  Schuylkill  Mutual  Coal  Company. 
For  full  report  of  the  Keystone  colliery 
see  No.  40,  Wyoming  Region  :  Produc- 
tion of  Tunnel  and  Keystone  collieries 
in  1865,  87,337  tons. 

No.  30. 
REPPLIER  &  MOODIK 

Locust  Run  colliery,  on  lands  of  Locust 
Mountain  Coal  and  Iron  Company,  Mam- 
moth and  other  white-ash  veins :  Steam- 
power,  230  horse ;  capacity,  125,000  tons 
per  annum ;  production  in  1865,  86,508 
tons. 
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No.  40. 
J.  H.  W.  PAGR 

William  Wadleigh,  Agent. 

Conner  A  Patterson's  old  colliery,  near 
Ashland,  on  Mammoth:  Production  in 
1865,  20,700  tons. 

No.  41. 
JOHN  ANDERSON  &  CO. 
Production  in  1865,  36,332  tons. 

No.  42. 
R  GORRELL  &  CO. 

Hasel  Dell  colliery,  on  lands  of  Locust 
Mountain  Coal  and  Iron  Company,  Mam- 
moth and  other  white-ash  veins :  Steam- 
power,  185  horse;  production  in  1865, 
86,311  tons. 

No.  43. 
J.  M.  FRECK  &  CO. 

Centralia  colliery,  on  lands  of  Locust 
Mountain  Coal  and  Iron  Company,  Mam- 
moth and  other  veins:  Production  in 
1865,  68,438  tons. 

No.  44. 
CONTINENTAL  COAL  COMPANY. 

(Formerly  Carter,  Shoener  &  Co.) 

New  operation  north  of  Locust  Ridge 
and  east  of  Centralia,  now  in  course  of 
development  on  lower  veins. 

No.  45. 
S.  M.  HEATON  &  CO. 

On  Raven's  Run :  New  colliery  now  in 
course  of  development. 

No.  47. 

BLACK    DIAMOND    COAL    AND 
IRON  COMPANY. 

Locust  Summit  and  Locust  Creek  col- 
lieries, at  Locust  Gap,  on  the  lands  of 
the  Locust  Summit  Improvement  Com- 
pany and  A.  Mclntire,  Esq.,  on  Mammoth 
and  other  white-ash  veins,  above  and  be- 
below   water  .  level :    Steam-power,   100 


horse ;  capacity,  100,000  tons  per  annum ; 
production  in  1865,  55,402  tons. 

MAMMOTH  VEIN  CONSOLIDATED 
COAL  COMPANY. 

The  Mammoth  Vein  Consolidated  Coal 
Company  have  four  collieries  in  the  Ma- 
hanoy  Region.  The  "  Mahanoy  Valley," 
above  the  planes ;  the  *'  Locust  Mountain," 
near  Locust  Dale ;  the  *'  Locust  Grap"  and 
»'  A.  S.  Wolf,"  at  Locust  Gap :  Produc- 
tion in  1865, 113,209  tons.  (For  further 
description  see  No.  8,  Schuylkill  Region.) 

LOCUST   MOUNTAIN   COAL  AND 
IRON  COMPANY.* 

This  company  own  4,000  acres  of  coal 
land,  but  are  not  miners  and  shippers  of 
coal.  They  lease  to  the  following  Ope- 
rators : 

Toiu 

R.  Gorrell  &  Co.,  Hazel  Dell  col- 
liery     86,651 

Bast  &  Pearson,  Big  Min  Run 
colliery 86,493 

Repplier  St  Moodie,  Locust  Run 
colliery 84»293 

J.  M.  Freck  &  Co.,  Centralia  col- 
liery     68,667 

William  Montelius,  Stuartsville 
colliery 23,231 

Mammotn  Vein  Central  Coal  Co. 
Locust  Mountain  colliery. . . .     17,662 


Total 366,997 

Steam-power,  20  engines ;  935  horse. 

No.  4a 
LEE,  GRANT  &  CO. 

Above  Shenandoah  City,  in  the  south 
or  inverted  Shenandoah  basin,  above 
water  level,  on  Buck  Mountain  vein: 
New  colliery,  now  in  course  of  develop- 
ment ;  production  in  1865,  4,168  tons. 

No.  49. 
J.  B.  REBER  &  CO. 

Near  Shenandoah  City,  in  North  Shen- 
andoah basin :  New  colliery  in  course  of 
development;  production  in  1865,  2,185 
tons. 

*  There  U  a  slight  difference  between  the  amonmts 
furnished  ns  bj  this  oompanj  and  those  obtained 
from  the  shipping  retorns. 


PIOXEER  COLLIEKV,  Xo.  38. 


BAMCKOFf,  LEWIS  &  CO. 

We  give  above  an  illDgtration  uf  tlie  Pioneer  Collier/.  The  eograving  doei  Dot 
do  jnatico  to  the  picinresqae  eRect  of  this  large  mining  eatftblitfanent,  sitaated,  as  it 
Ik,  on  the  Tacc  of  a  hill  that  may  almost  be  termed  a  monnlajn  ;  with  its  machiucrv 
and  hnildiiigs  elevated  several  hundred  feet,  the  railroad  at  the  shates. 

Id  operation,  the  whole  scene  is  animated,  and  presents  a  bnsineas-like  appear- 


A  large  amoant  of  coal  hu  been  annnally  sent  ttom  these  mines  since  the  Gri>t 
dcvclopiuent  of  the  Maliano;  re^oo ;  and,  as  the  name  signifies,  this  is  the  pioneer 
colliery  of  that  now  famous  and  prodnctive  vallej.  Uost  of  the  coal  from  tbia  cele- 
brated collier;  has  been  mined  from  above  water  level,  and  much  still  remains 
tn  be  mined  b;  drift,  with  the  immenie  bed  of  the  30  feet  Mammoth,  almost  an- 
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toached  below  water-level.  The  first  '*  lift "  of  110  yards  has  only  yet  been  sunk, 
leaving  fonr  or  five  lifts — or  perhaps  more — of  eqaal  depth,  still  to  be  opened. 

There  are,  at  present,  in  operation  one  slope  and  two  drift  above  water-level.  The 
steam  machinery  of  this  colliery  consists  of  one  Cornish  pumping-engine  of  500 
horse-power ;  one  engine,  of  1 00  horse-power,  for  hoisting  coal  from  below  water- 
level  ;  one  plane-engine,  of  30  horse-power,  for  hoisting  coal  from  the  lower  drift ; 
one  planfr«ngine,  of  40  horse-power  for  hoisting  dirt  up  a  plane  of  500  feet  long,  at 
an  angle  of  30^ ;  one  fan-engine,  of  10  horse-power,  for  ventilating  purposes,  and 
one  of  10  horse-power,  for  supplying  the  boilers  with  water;  with  one  breaker- 
engpne,  of  30  horse-power.    The  whole  steam-power  aggpregating  760  horae-power. 

A  novel  arrangement  is  nsed  at  this  colliery  for  hoisting  coal  in  the  slope  which 
answers  an  admirable  purpose  as  a  self-acting  dnmp,  and  dispenses  with  the  heavy 
cages  now  generally  made  use  of.  For  deep  and  steep  slopes,  and  for  shafts,  the 
principle  here  adopted,  cannot  fail  to  act  with  great  economy,  in  saving  both  time 
and  power.  Mine  cars  cannot  be  brought  up  steep  slopes  and  shafts,  except  on 
cages,  whieh  are  generally  very  heavy.  This  arrangement  consists  of  a  peculiar  car 
constructed  to  operate  in  the  slope,  and  receives  the  coal  from  the  mine  cars  at  the 
bottom  of  the  slope.  At  the  top  the  coal  is  discharged  automatically,  and  the  car 
is  ready  to  return  without  loss  of  time.  We  understand  this  improvement  has  been 
patented  by  Jos.  W.  Bancroft,  Ksq. 

The  capacity  of  this  colliery  has  been  stated  at  750  tons  per  day,  but  the  facilitieii 
for  transportation  have  never  been  equal  to  the  production.  During  1864,  56,000 
tons  were  shipped,  and  in  1865,  63,000  tons.  The  coal  produced  enjoys  a  high 
reputation  in  market,  and  from  the  character  of  the  Mammoth,  and  the  style  of  the 
improvements,  we  should  judge  that  the  coal  may  be  mined  with  much  economy. 


THE  ASHLAND  ESTATE. 

The  Ashland  Estate,  belonging  to  the  Messrs.  Brock,  Grant,  and  others,  covers  a 
large  tract  of  valnable  coal  lands  in  the  vicinity  of  Ashland.  The  Pionkkr,  Tunnel. 
Keystone,  and  "  Page's  Locust  Run"  collieries  are  on  this  Estate.  The  total  pro. 
duction  of  this  Estate  in  1865  was  170,124  tons. 
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LOCUSTDALE*  COAL  COMPANY. 

UganlOi. 


nonoK  AT  uxovtBUM. 


Tbe  above  traoBTeree  aectiou  represcaU  the  coal  buias  In  the  vioinity  of  LocnBt- 
dale.  The  property  owned  by  the  LocaatdaJe  Coal  Compaoy  eiteods  Trotn  the 
centre  of  the  deep  left  basiD  to,  and  iuclaaive  of,  the  middle  basini  on  the  right  of 
the  Bear  ridge,  anticlinal.  It  will  be  noticed  that  all  the  important  coal  seama  of  the 
anthracite  Belds  are  here  repreaented,  from  A,  in  the  conglomerate,  to  and  inclnaive 
of  H  and  I,  or  the  Orchards,  with  am  aggregate  thickness  of  from  100  to  125  feet  of 
aTailabl«  coal. 

The  poaition  or  coaformatioo  of  theie  deep  and  extensiTebaaiiii  of  coal  are  ex- 
tremely favorable  for  mining  operationa,  since  all  the  coal  on  the  property  can  be 
obtained,  if  deairable,  through  one  alope,  annk-~aa  the  present  one  is  on  the  Ham- 
moth — bj  tannela  north  and  sonth.  The  soath  dip  of  the  coal  beds  in  the  deep 
basin,  on  the  left,  range  &OEa  15°  to  ^(P;  conaequently  the  tnnnel  distance  from 
seam  to  seam  will  be  limited — the  tnnnel  distance  decreases  as  the  dip*  increaae  and 
vice  vtria.  It  will  also  be  noticed  that  the  north  dips  of  the  seams  are  inverted  in 
the  middle  basins  and  pitch  in  conformity,  nearly,  with  the  sonth  dips ;  this  natarally 
decreases  the  tnnnel  distance  from  one  basin  to  the  other  and  renders  the  coal  in 
the  middle  basin  available  to  the  present  slope  on  the  Mammoth. 

The  estate  of  the  Locnstdale  Coal  Company  embraces  1243  acres  of  coal  land, 
rnuning  east  and  west  on  the  sonth  and  middle  basins,  as  before  described.  The 
"  mn"  of  the  gangways  on  the  seams  may  be  nearly  three  miles — (that  is,  the  "  ran" 
on  the  "  strike"  of  the  veins,  in  mining  phrase) — and  the  plane  of  the  coal,  desooiding 
to  the  centre  of  the  deep  basin,  is  supposed  to  be  from  2000  to  2400  feet  in  length, 
requiring  sii  to  eight  lifts  of  300  feet  each,  below  water  level,  to  reach  the 
bottom  of  the  basin.  We  may  safely  calunUte  that  the  company  has  one  aqaare 
mile,  or  640  acres,  of  available  coal  on  the  plane  or  area  of  the  SMma  in  the  deep 
basin  alone,  ezclnsive  of  a  large  amonnt  in  the  middle  basin. 

At  too  feet  thickness,  this  should  yield,  by  careful  mining,  150,000  tons  per  acre, 
or  nearly  100,000,000  tons  to  the  square  mile.    There  is,  therefore,  ample  room  and 


dml((lTM  bnt  >  UntldM  of  tha  iln,  akuMtir  itiiil  bulnei 
d  !■  oni  vniau  *H«iipti  to  (•!  k  goad  plutnn,  uid  onlr  tl^tt  tbli  t, 
MUd  tb*  ■«B*nl  Mpofiapby  at  (ha  plaaa.    It  Ua  Wwa  «f  abant  1000  In 
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an  abnnduice  or  coal  for  sereral  extensile  collieries  on  this  magnificent  coal  prop- 
erty, the  value  of  which  canDot  now  be  properly  appreciated. 

The  acccmpanjin^  verUcal  lection  illastratea  the  anmber,  thickness  and  rdttiit 
position  of  the  coal-beda  in  the  Bonthern  or  deep  buin.  There  are  ten  worksbl* 
seams  proved,  two  of  these,  T  aod  H,or  the  Orchards,  srered 
ath,  and  in  all  probability  a  portion  of  B,  or  the  Back  mon» 
tain,  is  alio  red-ash;  while  the  seaniB  below  it  are  of  that  color, 
bnt  the  coal  partakes  of  the  white-ash  variety  in  character 
and  appearance.  The  primrose,  or  0,  is  known  in  this  regioa 
St  the  "  Hahanoy  Vein ;"  it  is  geaeralljr  a  fine  white-ash  bed, 
and  is  here  in  its  best  condition.  The  Holmes,  or  F,  is  herf 
known  as  the  "  seven  foot ;"  a  tnnnel  has  been  drivea  toitfnna 
the  Mammoth,  and  is  continned  to  the  Hahanoy,  6.  The 
Mammoth  itself,  as  shown  by  the  section  on  the  next  page,  it 
a  splendid  bed,  twenty-five  to  thirty-five  feet  in  thicknen, 
almost  pare  coal ;  and  is,  perhaps,  more  productive  Uum  tfaii 
at  many  points,  where  it  is  found  in  excessive  enlargements. 
The  dip  of  this  seam,  its  purity  from  slate,  and  the  solid 
character  of  the  "  roof"  or  top  slate,  render  it  available  to  ihr 
most  economical  mode  of  mininf;  that  can  be  practiced— that 
known  as  "mns."  Id  this  mode,  enongph  of  the  broken,  or 
loose  coal,  remains  in  the  "breast"  to  keep  it  foil  and  the 
miners  np  to  their  work  ;  but  as  the  excavated  coal  reqaira 
more  than  its  original  space,  when  in  the  solid,  about  onehalf 
of  the  coal  "  cat"  by  the  miners  is  drawn  ftom  the  "  bresst." 
as  the  work  progresses  npwards.  Thus,  when  the  miner*  have 
finished  their  work  in  a  breast,  it  will  still  remain  fnll  of  coal, 
and  six  months  or  a  year  may  be  required  to  draw  it;  since 
each  breast  contains  10,000  cubic  yards  of  space,  and  prodncn 
about  10,000  tons  of  coal  altogether.  Ilie  advantages  oftbia 
mode  of  mining  are,  economy  in  prodnctioD,  and  regnlarii; 
in  work.  The  mine  always  contains  ready  coal  enooxh  le 
keep  everything  in  active  operation,  thongh  the  miners  may 
remain  idle  for  months;  it  was  estj mated,  at  one  time,  thai 
from  80,000  to  100.000  tons  of  coal  were  mined  in  the  breast : 
there  are,  however,  but  few  localities  where  this  mode  cao  be 
snccesB  fully  made  ose  of. 

The  Skidmore,  D,  Gamna,  C,  and  Buck  moDntain,  B.  are 
^V^— I       all  good  workable  seama  ;   the  latter  being  sixteen  feet  in 
^^^      tbicknesa,  and  is  a  magniflceut  bed  of  coal,  almost  equal  to 
the  Mammoth. 


The  Locastdale  collierymay  be  considered  a  model  eatab- 
lishmeat;  since  it  was  the  first  in  which  the  Pan  Ventilation 
was  adopted,  and  the  first  to  adopt  machinery  and  improve. 
meats  to  render  a  single  slope  capable  of  producing  1,000  tons 
of  coal  per  ton.  Snch  an  enonnooa  capacity  would  hate  been 
thought  impossible  a  few  years  ago,  and  even  now.  we  find 
many  who  doabt  the  possibility  of  its  accomplishment- 
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Bat  there  ere  now  Hveral  other  slopes  fn  coarse  of  developmeot  which  will  be 
•boTe  thiBCBf)Mit7.  For  iaBtance,  we  maj  name  the  New  Boston  slope.  Much 
necfaanic&l  ing^naity  and  eDgineerin^  skill  ere  displajed  at  this  Fignn  iM. 

eollierj,  not  oal;  in  the  generel  plan  and  developmeat  of  tbo 
mines,  but  particnlBrlf  in  Ihe  aatomatic  regularity  witb  vihich  ttie 
heavy  miue  cars  are  drawn  up  a  distance  of  six  linndred  feet  and 
shot  off  to  the  "damp,"  at  the  rate  of  one  every  twoniinntca.  wilh- 
ont  manual  exertion.  One  thousand  tons  of  coal  can  thus  be 
rained  readily  in  ten  hours. 

There  are  two  coat  breaberB  at  this  colliery,  which  are  fully 
capable  of  preparing  the  productions  of  the  mines.  The  general 
present  capacity  of  the  colliery  may  be  safely  pnt  down  at  7.50 
tons  per  day,  which  may,  hovcTer,  be  increased  to  1.000  tons, 
with  adeqnata  transportation  from  the  mines  to  the  markcta. 
Daring  1865  only  82,709  tons  were  prodncod,  but  the  mines  were 
nearly  half  the  time  idle  and  nerer  worked  beyond  half  their  capa- 
city, on  account  of  the  frequent  euspettsions  and  the  want  of  cars 
on  the  leading  lines. 

The  steam  capacity  for  pumping  water,  hoisting  and  preparing 
coal,  and  other  parposes,  is  about  600  horse  power,  and  folly 
equal  to  the  wanis  of  the  mines.  The  ventilation  is  prodnced 
by  an  exhausting  tan,  first  erected  at  this  colliery,  by  J.  Louden 
Beadle,  the  company's  general  superintendent,  in  1857,  on  the  ai 
strength  of  experiments  previously  institated,  and  which  has  been  i 
oporation  ever  since.  This  is  believed  to  be  the  first  practical  application  of  the 
■action  fao  to  mine  ventilation,  and  the  inventor— Mr.  Beadle—has  been  granted  a 
patent  on  its  nse.  This  mode  of  ventilation  is  perfect.  It  will  keep  the  deepest, 
most  extensive  and  gaseous  mines,  free  from  fire.gas  and  noxious  vapors,  and  m 
perfect  safety,  as  far  as  danger  from  gases  are  concerned,  provided  the  air  courses 
ore  properly  constructed,  which  is  essential  in  all  mining  operations.  The  system  of 
fiui  rentilation  now  in  use  has  been  copied  from  Locustdale. 

In  view  of  the  many  advantages  possessed  by  the  Locustdale  Goal  Company,  hi 
the  extent  and  character  of  their  coal  lands;  the  number  and  Size  of  their  coal-beds ; 
the  great  aggregate  thickness  of  available  coal ;  the  favorable  position  of  both  Beams 
and  basins  for  mining  operations,  and  the  improvement,  capacity  and  perfectioD  of 
their  mining  machinery,  their  lands  and  mines  may  be  classed  among  the  very  best 
in  the  Anthracite  regions,  and  second  to  none  in  value,  availability  and  economy. 
Of  Uie  characters  of  the  coal,  we  need  only  say  there  ia  no  better. 

The  officers  and  directors  of  the  Locustdale  Cool  Company  are : 

Pretident, 
GBORGB  H.  POTTS. 


TVeosurer, 
FB^NOIS  JAQUEB. 


Steretary, 
THBODORB  D.  BMORT. 


Direetori, 
Gaonon  H.  Potts,  J.  Wilbt  BniinxiM, 

Gnoaoi  B.  Urroii,  Akoiboi  Child, 

8.  Eiroioon  Puxodt. 


THE  WYOMING  or  NOBTHERN  COAL  FIEtD. 


CARBONDALE  DISTRICT. 

Hot.  1, 2  AXD  Scat  Map. 

DELAWARE  AND  HUDSON  CANAL  COMPANT. 

bieladlDg  th«  Company'!  LcMen  and  Contnetora, 

Fig,  gm. 


GEORGE  TALBOT  OL¥PHANT....New  Tork. 

Sientary JAMES  C.  HARTT 

3V«M««rer J.  N.  SEYMOUR ^  " 

GfaMTal8itpenftUndetU..TaOUAB  DICKSON Scnubm.  Fai. 

Su^  CoatD^aTtment.,.S.V.WBaTOi<l Provideiicc,  Pa. 

"     SaHroad     "        . . .  R.  MANVILLE Garbondale,  Fa. 

*     ••     Canal  "        ...C.P.TOUNG Honesdale,  Pa. 

PRODUCTION  OF  MINES  FOR  1864. 

Ton*.  Tuu. 

CompaD^'B  Mines 650,000 

Contractora'  Mioea 230,000 850,000 

Average  capacity  at  Miaea  of  Company  and  Contractors, 

and  Railroad  Transportation 1,000,000 

Arerage  capacity  at  Mines  of  Company  and  Contractors, 

and  Canal  Transportation 2,000,000 

MACHINERY. 

Eight  Hoisting  Engines  and  two  Water  Wlieels,  aggregate  Horse-power — say  410 

Fonr  Pomping  Enginea  and  aiz  "  "  "  "  430 

Six  Breaker  Engines,  aggregate  Horsa-power : "  26A 

Total  Horsepower 1,105 

taflMt  bDllI  b7  DigluoB  lUaalkataiiBg  Conpur  of  Beruton— «tbu  mmtUmrj  hj  ftdaWH*  tat 
Hsd»B  CuBftl  ComiMinT. 

32  miles  inside  mining  traclc ;  2  miles  onlaide  mining  track ;  15  loaded  track 
planes,  100  horse-power  each ;  9  light  track  planes,  75  borae-power  each ;  4  graTitj 
track  planes;  4  locomottTes;  58  miles  gravity  track;  6  miles  looomothr*  track; 
106  miles  of  canal ;  2,000  coal  cars  and  600  boats. 
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PBODUOTION  IN  1865. 

StatemeDt  of  the  amount  of  Goal  mined  and  forwarded  on  the  Baflroad  of  this  Com- 
pany for  the  year  ending  December  15th,  1865,  with  the  sources  whence  receiyed : 


Tom. 


Carbondale,  Delaware  and  Hudson  Canal  Company's  Mines . .  255  J35 
Olyphant,  "  **  "  "     ..  174.850 

Providence,         "  •*  •*  "     ..  134,589 


Rashdale,  John  Jermyn 65,171 

Archbald,  Eaton  &  Co 81,781 

Archbald,  Boston  and  Lackawanna  Coal  Company 63,488 

Dickson,  Elk  Hill  Coal  Company 36,480 


Total  for  1865. 
Total  for  1864. 


Tons. 


565,174 


246,920 

812,094 
886,841 


Decrease  in  1865, 


74,747 

E.  W.  WESTON,  SuperifUmdmU. 


PBODUCTION  OF  COAL  PEB  CAPITA. 

Through  the  kindness  of  E.  W.  Weston,  Esq.,  Superintendent  of  the  Goal  Depart- 
ment, we  give  the  statistics  of  this  Company's  production  for  the  Month  of  Mayy 
1865,  showing  the  production  per  hand,  inside  and  outside. 


i  ^  U  i   H  11  H  ^ 

3  1.  ll  I  ^1  11   sl  1,  I 

Del.  and  Hudson  Co.'B  Mines 888    888      87  140  225    218  90     862  180  64,616 

Contractort  and  Lessees 800    206  44  68  106    243  ..      879  74  86,589 

Total 688    684  181  198  881    401  20   1881  210  101,156 


Showing  an  average  production  of  about  500  tons  per  annum  to  each  band  em- 
ployed, inside  and  outside. 

This  production,  however,  will  not  hold  good  through  the  year,  since  much  less  is 
done  in  the  winter  months.  The  production  of  the  Lackawanna  and  Wyoming 
Region  per  capita  per  annum  was  260  tons  in  1865,  and  the  entire  Anthracite 
Regions  256  tons,  but  a  great  portion  of  the  time  the  mines  were  idle  on  account  of 
strikes,  Ac.    About  300  tons  per  capita  per  annum  is  the  average  osaal  production. 
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AFPEirOIX. 


LACKAWANNA  REGION. 


ELK  HILL  COAL  COMPANY. 

Elk  Hill  colliery,  at  Dickson,  in  Blakely 
township,  on  lands  owned  by  Central  Coal 
Company,  on  Primrose,  above  water 
level:  Steam-power,  30  horse  breaker; 
average  capacity,  70,000  tons  per  annnm  ; 
prodaction  in  1865,  36,480  tons. 

SCRANTON  DISTRICT. 

Kg.  5. 

HUNT,  DAVIS  A  CO. 

(Now  Roaring  Brook  Coal  Company.) 

Roaring  Brook  mines,  near  Scranton, 
above  water  level,  on  Back  Momitain, 
Gamma  and  Skidmore,  (H,  I,  K,  Scranton 
nomenclatnre :)  Steam-power,  20  horse ; 
capacity,  aboat  25,000  tons  per  annom ; 
prodaction  in  1865, 11,814  tons. 

Kg.  6. 

DELAWARE,  LACKAWANNA  AND 
WESTERN  RAILROAD  CO. 

Ten  collieries  near  Scranton,  (not  in- 
clading  two  near  Plymoath,)  on  Mam- 
moth, Primrose  and  Diamond,  (6,  E  and 
D,  Scranton  nomenclatare,)  below  water 
level :  Steam-power,  600  horse ;  capacity, 
about  800,000  tons  per  annam;  produc- 
tion in  1864,  652,000  tons,  including  Bos- 
ton and  Jersey  mines  at  Plymoath;  in 
1865,  579,615  tons. 

ITo.  7. 

LACKAWANNA  IRON  AND  COAL 
COMPANY. 

Pine  Brook  and  other  mines,  above 
water  level,  near  Scranton,  on  Buck 
Mountain  and  Gamma,  (K,  I :)  Capacity, 
200,000  tons  per  annum ;  use  all  the  lump 
and  large  sises  of  coal  at  their  furnaces 
and  rolling  millB, 


Vo.  8. 

SUSQUEHANNA  AND  WYOMING 
VALLEY  RAILROAD  AND  COAL 
COMPANY. 

Two  collieries  below  Scranton,  above 
water  level,  coal  seams  not  identified: 
Steam-power,  115  horse ;  capacity,  100,000 
tons  per  annum;  prodaction  in  1865, 
56,443  tons. 

No.  9. 
MYRA  J.  CLARK. 

"Jadson  Clark's  mines/'  near  Provi- 
dence, below  water  level,  on  Mammoth 
and  Skidmore,  (H  and  G :)  Capacity, 
50,000  tons  per  annum. 

ISTo.  10. 

S.  T.  SCRANTON  A  CO.       ^ 

Oxford  Mines,  Hyde  Park,  below  water 
level,  on  Primrose,  (£,  Scranton  nomen- 
clature :)  Capacity,  100,000  tons  per  an- 
num. 

Hg.1L 
MOUNT  PLEASANT  COAL  CO. 

'*  Howell's  mines,"  Hyde  Park,  below 
water  level,  on  Primrose,  or  Scranton,  E, 
vein:  Steam-power,  85  horse;  capacity, 
100,000  tons  per  annum. 

No.  11. 
A.  S.  WASHBURN. 

Above  water  level,  for  home  coosamp- 
tion. 

ISTg.  is. 
PHINNEY  &  SCHOTT. 

Greenwood  mines,  below  Scranton. 
above  water  level :  Capacity,  80,000  tons 
per  annum. 


DESCRIPTION  OP  MINES. 


763 


WYOMING  REGION. 


No.  14. 
PITTSTON  DISTRICT. 

PENNSYLVANIA  COAL  CO. 

Thirteen  collieries  near  Pittston,  below 
water  level,  on  Mammotli  vein:  Steam- 
power,  870  horse;  production  in  1864, 
759,544;  in  1865,  577,482  tons. 

No.  ;15^ 
GROVE  BROTHERS. 

Above  Pittston,  drift  on  lower  veins : 
Production  in  1865, 15,723  tons. 

No.  15. 

HANCOCK  &  FOLEY, 

(Now  Spearing,  Foley  &  Curtis.) 

Rough  and  Ready  colliery,  above  Pitts- 
ton,  on  Mammoth  vein,  below  water  level : 
Steam-power,  60  horse ;  capacity,  30,000 
tons  per  annum;  production  in  1865, 
12,585  tons. 

No.  16. 
MERCUR  A  CO. 

Thompkin's  Shaft  colliery,  below  Pitts- 
ton,  on  Mammoth,  below  water  level: 
Hteam-power,  95  horse ;  capacity,  50,000 
tons  per  annum. 

Twin  shaft  colliery,  above  Pittston,  on 
Mammoth,  below  water  level :  Steam- 
power,  35  horse;  capacity,  40,000  tons 
per  annum;  production  in  1865,  70,326 
tons. 

No.  17. 
JAMES  FREELAND. 

In  Pittston,  above  water  level. 

No.  18. 
DAVID  MORGAN. 

Three  collieries :  Morgan  colliery,  three 
quarters  of  a  mile  from  Kingston  Depot, 
below  water  level.  Steam-power,  105 
horge ;  capacity,  50,000  torn  per  annam. 
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Columbia  colliery,  in  Pittston  town 
ship,  three  quarters  of  a  mile  from  the 
L.  &  3>  R*  R*  Depot,  above  water  level : 
Steam-power,  40  horse ;  capacity,  40,000 
tons  per  annum. 

Beaver  colliery,  in  Pittston,  above  and 
below  water  level :  Steam-power,  40  horse ; 
capacity,  30,000  tons  per  annum;  pro- 
duction in  1865,  27,499  tons. 

No.  19. 
MERCUR  k  FRISBIB. 

Three  collieries :  Eagle  Shaft  colliery, 
Seneca  colliery.  Ravine  colliery,  in  Pitts- 
ton, below  water  level,  on  Mammoth : 
Steam-power,  181  horse ;  capacity,  100,000 
tons  per  annum;  production  in  1865, 
26,300  tons. 

No.  20. 
BUTLER  COAL  COMPANY. 

Butler  colliery,  in  Pittston  township, 
on  lands  of  Butler  Coal  Company,  below 
water  level,  on  Mammoth  vein :  Steam- 
power,  70  horse;  capacity,  50,000  tons 
per  annum ;  production  in  1865,  22,040 
tons. 

No.  21. 

MARYLAND  ANTHRACITE  COAL 

COMPANY. 

Old  Benedict  and  Alton  mines,  near 
Pittston,  above  and  below  water  level,  on 
Mammoth:  Steam-power,  15  horse;  ca- 
pacity, 30,000  tons. 

No.  22. 
ABRAM  PRICE. 

Price's  colliery,  Pittston,  Pa.,  on  land 
of  A.  Price,  above  water  level,  on  Mam- 
moth vein :  Capacity,  20,000  tons  per  an- 
num ;  production  in  1865,  11,437  tons. 

No.  28. 
EVERHART  COAL  COMPANY. 

Everhart  colliery,  near  Pittston,  on 
land  of  Everhart  Coal  Company,  above 
water  level,  on  Buck  Mountain  vein: 
New  concern  in  course  of  development 


WYOMING  REGION. 


ST— See  Hap. 


THE  UNION  COAL  COMPANY. 
Tliii  company  own  2,000  acrea  of  land,  1,000  of  which  is  richly  uDderlaid  witb 
Conl,  and  1,000  is  covered  witb  valoable  timber.  Tbey  operate  three  eiteoiiTe 
collieries:  tbe  "Kefstone,"  at  or  oeac  Locastdale,  io  the  Mahanoy  Regioo;  the 
"Channcej,"  neaf  Plymouth,  and  a  new  collier;,  in  course  of  development,  near 
Wilkegbarre,  in  the  Wyoming  Region.  The  '■  Tunnel  colliery"  was  formerly  owned 
and  worked  by  the  same  company,  but  it  has  recently  been  disposed  of  to  ihr 
Schuylkill  Mutual  Coal  Company. 

THE  KETSTOKB  COLLIERY 
ia  on  the  nortb  dip  of  the  Locnatdale  basin,  and  on  the  same  coal-beds  which  are 
worked  by  the  Locnsldale  Coal  Company  on  their  south  dips.  The  character  and 
extent  of  this  basin  will  be  found  fully  discussed  in  the  body  of  this  book,  in  the 
general  description  of  the  Mahanoy  Region — the  application  is  as  pertinent  to  the 
Keystone  as  to  the  Locnstdale  colliery. 

The  present  operations  at  this  colliery  are  above  water  level,  by  two  drifts  ob  the 
Mammoth,  or  a  water  level  gangway  and  a  counter  level  on  the  upper  range  ot 
breasts.  The  height  of  "  breasting,"  which  ranges  from  150  to  200  yards,  is  too 
great  to  be  worked  by  a  single  range  of  breasts,  therefore  tbey  are  divided  into 
the  upper  and  lower  levels.  The  "  run"  is  one  mile  west,  above  tbe  natoral 
drainage,  and  one  mile  west  and  900  yards  east,  below,  on  the  Mammoth ;  but  on  the 
underlying  seams,  the  Skidmore,  Buck  Mountain,  kc,  th«  "  rnn"  ia  2,660  yards  east 

It  is  claimed  that  coal  enough  remains  above  water  level,  in  this  colliery,  to  laat 
for  ten  years,  with  an  average  production  of  500  tons  per  day,  while  the 
quBDtity  below  water  level,  to  the  centre  of  the  basin,  is  immense.    The  ulcaktiM 
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of  the  prodoction  may  be  approximately  made,  by  adopting  the  angles  and  measure- 
ments given  in  figure  58,  page  210,  while  the  number  and  relative  position  and  thick- 
ness of  the  coal-beds  are  given  in  figure  59,  page  212. 

The  present  capacity  of  the  Keystone  colliery  is  about  500  tons  per  day.  It  is 
estimated,  however,  that  1,000  tons  per  day  can  be  produced  from  this  single  col- 
liery, by  operating  both  above  and  below  water  level,  and  we  have  no  dotibt  of  the 
fact  The  steam  capacity  is  170  horse-power.  The  character  of  the  coal  is  well 
established,  and  enjoys  a  high  reputation.  J.  Louden  Beadle's  exhaust  fan  is  used 
and  the  ventilation  of  the  mines  is  perfect. 

No.  40. 
THE  CHAUNCEY  COLLIERY. 

Thi?  colliery  is  located  near  Plymouth,  in  the  Wyoming  Region.  It  is  on  the 
Grand  Tunnel,  or  Buck  Mountain  bed,  which  is  here  a  fine  seam  of  twenty-five  feet 
thickness.  The  mines  consist  of  both  slope  and  shaft ;  the  steam-power  is  100  horse, 
and  the  capacity  of  the  colliery  about  50,000  tons  per  annum. 

NEW  COLLIERY  AT  THE  WILCOX  OPENING. 

This  colliery  is  located  on  Mill  Creek,  a  short  distance  east  of  Wilkesbarre,  on  a 
large  coal  estate  recently  purchased  by  the  Union  Coal  Company.  From  a  late 
examination,  we  conclude  all  the  seams  from  G  to  A  to  exist  on  this  property.  A 
slope  has  been  sunk  on  a  fourteen  feet  bed,  which  is  supposed  to  be  identical  with 
the  celebrated  Baltimore  bed,  or  the  Mammoth,  while  an  overlying  seam  of  nine 
feet,  only  separated  by  twenty  feet  of  slate,  appears  to  be  a  **  split"  of  the  same. 

The  slope  is  350  yards  in  length,  on  an  angle  of  eight  degrees.  This  distance  is 
divided  into  four  lifts  of  about  250  feet  each,  with  eight  gangways,  on  the  Baltimore 
bed,  and  an  equal  number,  if  so  desired,  on  the  upper  seam,  connected  by  tunnels 
with  the  slope.  These  four  lifts,  in  the  same  slope,  are  operated  at  the  same  time 
by  a  new  and  peculiar  arrangement.  A  train  of  six  mine  cars,  of  about  two  tons 
each,  are  drawn  up  at  once,  so  that  twelve  tons  of  coal  will  be  hoisted  in  the  same 
length  of  time  required  to  lift  a  single  car  the  same  distance  by  the  old  and 
generally  used  plan. 

This  colliery  is  designed  and  erected  with  the  intention  and  for  the  purpose  of 
mining  and  shipping  1,000  tons  of  coal  per  day,  which  can  easily  be  done  from  this 
one  slope ;  but  should  a  larger  production  be  required,  there  is  ample  room  on  the 
property  for  several  collieries  of  equal  proportion,  while  a  shaft  will  be  required  to 
develope  the  deeper  coal  of  the  underlying  seams  at  this  colliery.  The  steam-power 
is  250  horse,  and  the  breaker  capacity  calculated  to  meet  the  productions  of  the  mine. 

Of  the  character  of  this  coal  we  need  not  speak,  since  the  Baltimore  coal-bed,  in 
the  vicinity  of  Wilksbarre,  has  long  been  celebrated  for  the  production  of  the  most 
excellent  coal,  which  is  equal  to  any  that  goes  to  market,  without  exception. 

The  officers  and  directors  of  the  Union  Coal  Company  are : 

PreMderUy 
E.  A.  QUINTARD- 

Secretary,  Treasurer, 

WM.  MACFARLANE.  8.  L.  CROSBY 

IHreetorSf 

E.  A.  QUINTARD,  H.  T.  LIVINGSTON,  EDWABD  L.  BAKER 

FRANCIS  SKIDDY,  JOSEPH  R.  8KIDM0RE,  N.  L.  MoCRSADT, 

OEORQB  W.  ELDER.  H.  H.  Fishxb,  Omeral  AgmU 
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APPENDIX. 


T.  io  W.  LEY8H0N. 

Bowkley  &  Leysbon^s  mines,  near  Pitts- 
ton,  above  and  below  water  level,  on 
Primrose  and  Mammoth:  Steam-power 
20  horse. 

WILKESBARRE  DISTRICT. 

No.  25. 

WYOMING    COAL   AND    TRANS- 
PORTATION COMPANY. 

Bnrroagh's  colliery,  three  miles  north 
of  Wilkesbarre,  below  water  level,  on 
Mammoth  vein  :  Steam-power,  70  horse ; 
capacity,  75,000  tons  per  annum ;  produc- 
tion in  1865,  36,051  tons. 

No.  26. 
H.  B.  HILLMAN. 

EUllman's  mines,  on  Hollenback's  land, 
above  Wilkesbarre,  above  water  level,  on 
Primrose  vein :  Production  in  1865,  7,408 
tons.        • 

No.  87. 
BALTIMORE  COAL  COMPANY. 

Three  collieries,  on  Mammoth  vein, 
above  and  below  water  level,  near  Wilkes- 
barre :  Steam-power,  400  horse ;  capacity, 
1,000  tons  per  day ;  production  in  1864, 
133,953  tons ;  in  1865, 128,575  tons. 

No.  28. 
CONSOLIDATED  COAL  COMPANY. 

(Now  Wilksbarre  Coal  and  Iron  Co.) 

Seven  collieries,  near  Wilkesbarre,  on 
Buck  Mountain,  Mammoth  and  Orchard 
veins,  above  and  below  water  level : 
Steam-power,  815  horse ;  capacity,  500,000 
tons  per  annum;  production  in  1864, 
226,012  tons;  in  1865,  225,1.54  tons, 
(Lee's  colliery,  at  Nanticoke,  is  leased  by 
this  company,  and  is  the  only  one  on  the 
Back  Mountain  bed.) 


No.  99. 

AUDENRIED  COAL  ^  IMPBOYB- 
MENT  COMPANY. 

Audenried  colliery,  near  Wilkesbarre, 
below  water  level,  on  Mammoth,  kt.: 
Steam-power,  200  horse ;  capacity,  50,000 
tons  per  annum;  production  in  1864, 
15,703  tons ;  in  1865,  33,405  tons. 

No.  30. 
FRANKLIN  COAL  COMPANY. 

Old  Wilkesbarre  Coal  Company,  near 
Wilkesbarre,  below  ^water  level,  on  Mam- 
moth vein  :  Steam-power,  200  horse ;  ca- 
pacity, 50,000 ;  production  in  1864,  29,333 
tons ;  in  1865,  41,942  tons. 

No.  81. 
LANDMESSER  A  CO. 

Colliery  near  Wilkesbarre,  below  water 
level,  on  Mammoth  vein:  Production, 
18,489  tons. 

No.  as. 

LBHIGH  AND    SUSQUEHANNA 
COAL  COMPANY. 

Colliery  near  Wilkesbarre,  below  water 
level,  on  Mammoth  and  Primrose  veins : 
Steam-power,  136  horse ;  capacity,  400 
tons  per  day  ;  production  in  1864,  20,896 
tons ;  in  1865,  31,859  tons. 

No.  84. 
NEWPORT  COAL  COMPANY. 

New  concern :  Not  developed ;  in  lower 
end  of  Wyoming  or  Newport  Valley,  on 
Mammoth  and  lower  veins. 

No.  40. 

UNION  COAL  COMPANY. 

New  mines  on  Mill  Creek,  south-east 
of  Wilkesbarre :  Slope  on  Mammoth,  not 
yet  complete.  (For  further  information 
in  regard  to  these  mines,  see  No.  37,  Ma- 
hanoy  Region,  and  a  special  description, 
on  another  page.) 
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WYOMING  REGION. 


Ko.  85. 

PLYMOUTH  DISTRICT. 

KINGSTON  COAL  COMPANY, 

Near  KlDgstoD,  below  water  level, 
(mines  fiill  of  water  at  time  of  visit :) 
Steam-power,  115  horse. 

Kg.  6--8ee  Map. 

DELAWARE,  LACKAWANNA  AND 
WESTERN  RAILROAD  CO. 

Boston  mines,  near  Plymouth,  above 
water  level,  on  Mammoth  vein  :  Steam- 
power,  30  horse;  capacity,  100,000  tons 
per  annum. 

Jersey  mines,  above  water  level,  on 
Buck  Mountain  vein:  Capacity,  50,000 
tons  per  annum. 

ISTo.  87. 

SHAWNEE  COAL  COMPANY. 

Shawnee  mines,  near  Plymouth^  above 
water  level,  on  Mammoth  vein :  Capacity, 
100,000  tons  per  annum;  production  in 
1865,  27,296  tons. 

ITos.  86  and  8S. 

J.  LANGDON  &  CO. 

(Now  H.  S.  Mbbcur  k  Co.) 

Sweatland  Colliery  and  Gaylord  mines, 
both  below  water  level,  on  Mammoth  and 
Primrose  veins  :  Steam-power,  186  horse ; 
capacity,  100,000  tons  per  annum;  pro- 
dnction  in  1865,  39,911  tons. 

ITo.  39. 
WASHINGTON  COAL  COMPANY, 

Near  Nanticoke,  above  water  level,  on 
Back  Mountain  vein:  Steam-power,  25 
horse ;  production  in  1865, 15,456  tons. 

No.  40. 
UNION  COAL  COMPANY. 

Old  Chauncey  mines,  near  Plymouth : 
Shaft  and  slope,  on  Grand  Tunnel  or 


Buck  Mountain  vein;  steam-power,  40 
horse  breaker  engine ;  production  in  1865, 
18,012  tons. 

(See  No.  40,  Wilkesbarre  District,  and 
No.  37,  Mahanoy  Begion.) 

No.  41. 

WATERMAN  k  BEAVER 

(David  Morgan.) 

Montour  colliery,  near  Nanticoke,  above 
and  below  water  level,  on  Mammoth  vein ; 
Steam-power,  100  horse ;  capacity,  25,000 
tons  per  annum;  production  in  1865, 
8,863  tons. 

No.  48. 

WEST  BRANCH  COAL  COMPANY. 

Colliery  near  Nanticoke,  above  water 
level,  on  Mammoth  vein:  Steam-power, 
40  horse. 

JSlo,  48. 
GRAND  TUNNEL  COAL  CO., 

Near  Nanticoke,  above  water  level,  on 
Buck  Mountain  vein. 

No.  44. 
HARVIE  BROTHERS. 

Near  Nanticoke,  above  water  level,  on 
Buck  Mountain  vein:  Steam-power,  12 
horse ;  capacity,  30,000  tons  per  annum : 
production  in  1865,  11,852. 

No.  45. 
CAREY  AND  HART. 

Near  Shickshenny,  above  water  level,  on 
Buck  Mountain  vein. 

(New  operation,  not  fully  developed.) 

No.  46. 
SALEM  COAL  COMPANY. 

Rocky  Mountain  colliery,  near  Shick- 
shenny, above  water  level,  on  Buck  Moun- 
tain vein. 

NEW  ENGLAND  COAL  COMPANY. 


768 


APPENDIX. 


WYOMING  AND  LACKAWANNA  EEGIONS. 

We  mast  here  call  attention  to  the  estimated  capacity  of  the  eollieries,  not  only 
in  this  but  in  other  regions,  as  entirely  arbitrary.  Some  have  returned  a  fair  esti- 
mate, while  others  are  mnch  too  high.  This  will  explain  why  the  capacity  of  seyeral 
comparatively  small  operations  are  returned  as  greater  than  that  of  much  larger 
establishmeDts.  The  general  capacity,  however,  as  given,  could  be  nearly  approxi- 
mated, if  the  demand  and  the  means  of  transportation  were  equal  to  the  mining 
capacity. 

We  have  no  other  means  of  obtaining  the  respective  shipments  of  the  operators 
in  the  Northern  Anthracite  field  than  by  the  Revenue  Commissioners'  returns ;  but 
while  these  give  the  total  correctly,  the  respective  production  of  the  mines  vary 
widely,  since  the  large  shippers  buy  from  the  smaller  producers.  For  instance,  the 
shipments  of  the  Delaware,  Lackawanna  and  Western  Railroad  Company  are  taxed 
as  937,631,  while  their  mine  production  was  only  579,615  tons  in  1865,  leaving 
358,016  tons  purchased  from  other  mines.  The  same  policy  has  been  pursued  by 
other  large  companies,  consequently  the  Commissioners'  returns  do  not  give  the  fall 
production  of  the  smaller  coal  producers.  We  give,  however,  a  list  of  the  shippers, 
as  found  on  the  Assessor's  books,  with  the  exception  of  those  formerly  given  and 
located  on  the  map. 


LACKAWANNA  AND  WYOMING  REGIONS. 


CABBQNDALE. 

Tons. 

James  Nickol 2,670 

•John  Oakly 603 

S.  S.  Clark 2,568 

Elias  Palmer .      150 

J.  P.  Williams  and  Sons 806 

0.  W.  Spangenberg, 97 

ARCHIBALD. 

Wm.  Shea  A  Co 129 

W.  D.  &  D.  R.  Moore 2,419 

SCRANTON. 

Rapp  A  Bowen 5,760 

F.  J.  &  J.  Williams 1,760 

Christian  Scherer 1,459 


PROTIDENCE. 


Joseph  Church 

lAckawanna  Coal  Company. 

Charles  Edwards 

Flynn  &  Morris 

Griffin  &  Ritner 

Hughes  &  Abel 

F.  B.  Marsh 

Giles  Leach 

Wm.  Henry 

Michael  Rock 

Williams  &  McFarlane 

L.  Van  Storch 

J.  T.  Heatherby  A  Co 


1,214 

89 

258 

263 

50 

243 

624 

466 

105 

537 

229 

270 
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BLAKELY. 
Martin  <!)rippin 151 

HYDE  PARK. 

Lackawanna  and  Sasquehanna  Coal 
and  Iron  Company 5,693 

PITTSTON. 

Shiffer  A  Lacoe 849 

De  Witt  A  Salisbury 5,563 

KINGSTON. 

C.  S.  Maltby 4,817 

J.  D.  A  H.  M.  Hoyt 469 

James  P.  Atherton 242 

WILKESBARRE. 

Parish  A  Thomas 8,210 

Warrior  Run  Coal  Company 780 

Rodman  Merritt 350 

J.  R.  Stark 200 

PLYMOUTH. 

Ira  Davenport 868 

New  England  Coal  Company 12,507 

H.  S.  Mercur  A  Co.  (successor  to 

Langdon) 17,302 

R.  N.Smith 1,500 

James  Nicholas 500 


SHEIKSHENNY. 
A.  A.  Church 
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DESCRIFnON  OF  MINES. 


FIRST.  OR  SOUTHERN  COAL  FIELD. 

LEHIQH  DISTRICT. 

PlgaH  Sns. 


No.  17. 
LEHIGH  COAL  AND  NAVIOATION  COMPANY. 
The  coal  lands  of  this  Compon;  extend  from  a  point  near  Tamaqoa  to  the  eastern 
extremity  of  the  First,  or  Soatbero  Anthracite  Coal  Field,  and  contains  6,000  acres. 
Their  dudob  are  the  "East  Lehigh."  "Room  Bun,"  "Summit  Hill,"  "Fantber 
Greek,"  and  "Tamaqaa."  We  include,  however,  ander  Namber  17,  as  marked  on 
the  map,  (ml;  tbe  "  East  Lehigh,"  "  Sammit  Hill,"  and  "  Panther  Creek  "  Mines. 
There  are  seven  collieries  in  operation  at  these  mines,  on  tbe  Buck  Mountain  and 
Mammoth  veins,  vith  2,485  ho ne-e team-power,  and  a  capacitj  of  abont  500,000  tons 
per  annam.  Tbe  production  of  1863,  was  410,689  tons ;  1864,  373,104  tons ;  1866, 
408,171  tons.    The  total  prodaction  of  Iiehigh  Coal  and  Navigation  lands  is: 

From  Sammit  Mines,  bjLebigh  Coal  and  Navigation  Co 408,171.16 

From  Sammit  Dirt  Heaps,  leased 3,542.13 

From  Room  Ron  Mines,         "      79,793.08 

From  Tamaqoft         "  "      19.S35.07 

From  Greenwood      "  "     6,022.03 

Total  for  1865 617,026.07 
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TSTo,  18. 
DOUGLASS,  SKEER  k  CO. 

Room  Ran  miDes,  at  Nesqaehoning, 
on  Back  Moantain  and  Mammoth  Yeins : 
Two  collieries  below  water  level ;  steam- 
power.  800  horse ;  capacity,  100,000  tons 
per  annum ;  production  in  1864,  86,700 
tons ;  in  1865,  79,753  tons. 

No.  19. 
MOSS,  WOOD  &  CO. 

Tamaqna  Lehigh  mines,  near  Tama- 
qna,  on  Mammoth  vein,  below  water 
level :  Steam-power,  135  horse ;  capacity, 
50,000  tons  per  annom;  prodaction  in 
1864,  34,865  tons  ;  in  1865,  19,535  tons. 

•    TAMAQUA  DISTRICT. 

Kg.  X. 
GREENWOOD  COAL  COMPANY. 

.  Greenwood  mines,  west  of  Tamaqua, 
above  and  below  water  level,  on  Mam- 
moth, (all,  or  moet  of  the  Anthracite 
seams  to  I,  or  Diamond,  existing  on  the 
property:)  Steam-power,  190  horse;  ca- 
pacity, 100,000  tons  per  annnm ;  produc- 
tion in  1864^  66,875  tooi ;  in  1865,  71,369 
tons. 

Vo.  S. 

JOHNSON  &  ORMROD. 

At  D,  east  colliery  north  of  Tamaqoa, 
on  lower  veins,  above  water  level :  Steam- 
power,  30  horse;  capacity,  20,000  tons 
per  annum ;  prodaction  in  1864,  19,456 
tons ;  in  1865, 13,618  tons. 

No.  3. 

GEORGE  BROWN. 

(Now  Whbtmobe  &  Moss.) 

At  High  mines,  north  of  Tamaqaa,  on 
Primrose,  (Tamaqaa  F,)  below  water 
level :  Steam-power,  100  horse ;  capacity, 
30,000  tons  per  annom;  production  in 
1865, 13,872  tons. 

No.  4. 
RATCLIFFB  &  RALSTON. 

At  C,  West  mines,  Tamaqaa,  below 
water  level,  on  Buck  Mountain :  Produc- 
tion in  1865,  5,640  tons. 


Va  5. 

LITTLE  SCHUYLKILL  COAL  AND 
NAVIGATION  COMPANY. 

Five  collieries,  including  Shaft  colliery 
at  Tamaqoa,  and  Buckville  colliery,  west 
of  Tamaqua,  below  water  level,  on  Mam- 
moth, or  E:  Steam-power,  760  horse; 
capacity,  100,000  tons  per  annum;  pro- 
daction in  1865,  48,389  tons. 

XSTo.  6. 
GEORGE  W.  COLE. 

Reevesdale  minea,  west  of  Tamaqaa. 
on  Mammoth,  above  wmter  level :  Steam- 
power,  20  horse;  capacity,  50,000  tons 
per  annnm;  prodnction  In  1865,  13,170 
tons. 

POTTSVILLB  DISTRICT. 

Ko.  8. 

MAMMOTH  VEIN  GONSOLEDATED 

COAL  COMPANY. 

Three  collieries:  Tnscarorm  coUieiy 
and  Smith  colliery,  near  Toecftrora; 
tunnel  at  Toacarora  colliery,  commenced 
in  Palmer  (H)  and  driven  through  Mam- 
moth to  Skidmore,  above  water  level; 
steam-f>ower,  30  horee;  slope  at  Smith 
colliery  on  Mammoth ;  steam-power,  170 
horse. 

Hickory  colliery,  at  St.  Clair,  and  New 
Hickory  Shaft  colliery,  at  Wadesville. 

(See  description,  farther  on  page  765.) 

ITo.  9. 
HENRY  GUITERMAN. 

Coal  Hill  colliery,  above  New  Phila- 
delphia, on  Valley  Furnace  Tract:  Slope 
210  yards  long,  on  Skidmore;  steam- 
power,  50  horse  power ;  capacity  50,000 
tons  per  annum;  production  in  1865, 
16,074  tons. 

No.  11. 
FOSTER  &  SILLIMAN. 

No.  11. 
HINE,  LORE  &  CO. 

Gate  Vein  colliery,  on  Valley  Fur- 
nace Tract,  above  New  Philadelphia: 
Prodaction  in  1865,  3991  tons. 
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ISTo.  18. 
RICHARD  WINLACK  &  CO. 

Two  collieries :  One  at  Silver  Creek, 
ftod  one  on  "  Bosby  tract/'  above  New 
Phfladelphia,  below  water  level,  on  H 
and  M ;  steam-power,  100  horse ;  produc- 
tion in  1865, 10,591  tons. 

No.  14. 

NEW  PHILADELPHIA  COAL  MIN- 
ING COMPANY. 

Two  collieries :  Novelty  colliery,  below 
New  Philadelphia.  Slope  on  Gate  or  M, 
1,008  feet  deep ;  steam-power,  80  horse ; 
and  a  new  colliery,  known  as  the  Road's 
Shaft  colliery  at  New  Philadelphia,  on 
Gkte,  258  feet  deep;  steam-power,  70 
horse ;  capacity  of  both  collieries,  50,000 
tons ;  production  in  1865,  24,565  tons. 

No,  15. 
KASKA  WILLIAM  COAL  CO. 

Above  Middleport,  on  Mammoth  and 
lower  veins,  (mines  on  fire ;)  production 
iB  1865,  4,266  tons. 

No.  19. 
MILLER  &  MAIZE. 

Warrenton  colliery,  near  New  Phila- 
delphia: Two  slopes,  on  Primrose  and 
Holmes ;  tunnel  proposed  to  Mammoth ; 
steam-power,  240  horse ;  capacity,  75,000 
tons  per  annum;  production  in  1865, 
12,116  tons. 

Ho.  20. 

CHARTER  OAK  COAL  COMPANY. 

(Formerly  Bedall  &  Robinson.) 

Near  Belmont,  on  Primrose,  Orchard 
and  Diamond,  above  and  below  water 
level :  Steam-power,  100  horse ;  produc- 
tion hi  1865,  37,640  tons. 

No.  21. 
BELMONT  COAL  MINING  CO. 

Belmont  mines  :  Shaft  on  Tunnel  vein, 
(Oate,)  75  yards  deep ;  steam-power,  50 
horse ;  production  in  1865,  8,913  tons. 


ITo.  22. 
EAGLE  HILL  SHAFT  COAL  CO. 

Eagle  Hill  colliery,  above  Belmont: 
Two  shafts  on  Mammoth  and  Seven  Foot 
Veins ;  steam-power,  110  horse ;  prodne- 
tions  in  1865,  30,375  tons. 

No.  23. 

M.  G.  HEILNEB. 

(Now  Mutual  Consumers'  Coal  Co.) 

Oakland  colliery,  above  Belmont,  be- 
low water  level  on  Mammoth  and  Skid- 
more:  Steam-power,  165  horse;  produce 
tion  in  1865,  4,877  tons. 

No.  24. 
WILLIAM  DOVEY. 

Near  Belmont,  new  place  on  Red  Ash 
Veins  :  production  in  1865,  5,128  tons. 

So.  25. 

FEEDER  DAM  COAL  COMPANY. 

Between  Belmont  and  St.  Clair,  place 
formerly  worked  by  Messrs.  Potts  k  Sny- 
der, on  Red  Ash  Veins;  production  in 
1865,  6,113  tons. 

No,  26. 

A.  LAWTON— POTTSVILLB  GAP 
COLLIERY. 

On  the  Sharp  Mountain,  near  Potts- 
ville,  Buck  Mountain  (Barclough)  vein: 
Red-ash  coal,  above  and  below  water 
level ;  steam-power,  35  horse. 

No.  29. 
WILLIAM  H.  STARR 

Peach  Mountain  colliery,  between  St. 
Clair  and  Port  Carbon,  at  Ravensdale: 
Slope  on  Primrose,  190  yards  deep ;  other 
seams  below  Primrose,  accessible  by  tun- 
nel or  shaft;  steam-power,  65  horse; 
capacity,  50,000  tons  per  aoniwi. 
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STAK  COAL  COMPANY. 

This  Company  owni  the  leuM  of  two  totj  fine  coUierieB ;  om  m 

the  Hammath  and  lower  veuii,  known  aa  the  "  Silver  Creek  Collierj," 

I    at  SiWer  Creek,  near  New  Philadelphia;    and  the  other,  aboit 

I    HinereTille,  on  the  Mine  Hill  and  Schnjikilt  Haven  Railroftd,  knon 

I    as  the  "  Diamond  Oollierf ,"  on  the  Diamond  Orchards,  and  other  red- 


SILVER  CKKEK  COLLIERY. 

This  collier;  is  on  the  Hammoth  vein,  30  feet  thick.    The  slope 

ia  107  yards  deep,  from  the  bottom  of  which    the  Skidmore  and 

"seven  foot"  are  reached  by  tunnel.    The  machinery  conaisls  o( 

^    one  60  horse  pamping-cngine,  one  40  horse  hoistiag-en^ine.  and  a  SO 

I    horse-power  breaker  engine.    This  colliery,  ander  full  development, 

I    is  capable  of  prodaclng  from  15,000  to  100,000  tons  per  aoDnm. 

DIAMOND  COLLIERY. 


sistB  of  one  50  horse  pamning,  one  25  horse  hoislin;;  and  breaking,  and  one  10  horw- 
power  breaking-engine.  This  colliery,  noder  fair  development,  will  prodnce  90,000 
tons  per  anunm,  and  may  be  made  to  produce  mnch  more. 

THE  STAB  COAL  COMPANY. 

This  Company  was  oi^nnized  nnder  the  laws  of  the  State  of  PennaylvaDta,  Jac- 
nary,  1866,  with  a  capital  of  ^50,000,  and  hat  since  been  snccessfnlly  working  and 
increasioR  its  capacity  for  prodaction.  The  property  of  the  Company  is  located  ia 
Schnylhilf  conntv,  and  consists  of  valuable  leases  of  the  celebrated  &uu!«niuni 
Silver  Creek  CoUieru,  near  New  Philadelphia,  and  the  Diamond  CoUiery.  near 
Minersville.  The  Sifver  Creek  embraces  all  the  white-ask  coal  veins  in  the  Schuyl- 
kill region,  known  as  the  Skidmore,  12  feet  thick,  the  Mammoth,  from  2&  to  3d  feet 
thick,  and  other  smaller  veins.  The  Diamond  comprises  three  veins  of  rcd-a«A 
coal,  vie.,  the  Diamond,  South  Diamond.  (Tracy.)  and  the  Cockle  veins.  fOrchard.j 
all  of  the  purest  quality.  The  Company's  improvements  consist  of  two  slopes  and 
breakers  Dow  in  operation,  and  one  slope  and  breaker  oot  at  present  working.  The 
machinery  employed,  and  as  above  described,  is  well  adapted  to  a  large  aud  successful 
business. 

This  organization  presents  some  peculiar  features.  It  combines  the  mutual  witi 
the  joint  itoek  principle,  giving  to  all  its  stockholders  the  privilege  of  receiving 
coal  at  wholesale  prices,  and  making  regular  quarterly  dividends  in  cash.  Tbit 
Company  possesses  the  advantages  of  convenience  in  the  locality  of  its  collieries  for 
ready  and  easy  shipments ;  small  coat  of  lateral  tolls,  and  facilities  for  shipping, 
either  by  railroad  or  canal,  to  Philadelphia  and  New  Tork,  which  ore  very  important 
advantages. 

This  Company  presents  some  excellent  features  in  its  organisation  and  manage- 
ment, holding  desirable  leases  on  some  of  the  best  and  most  valuable  veins  of  coal 
in  the  county,  with  its  entire  capital  paid  in.  and  a  surplus  of  $30,000  in  stock,  and 
tlO,000  in  the  treasury.  The  stock  has  been  principally  taken  as  a  permanent 
investment,  and  promises  to  prove  an  increasingly  profitable  one,  if  well  managed, 
especially  when  the  very  large  coal  deposita  of  the  Company,  altogether  more  uao 
three  miles  in  extent,  aa  yet  unopened,  shall  havebeen  developed.  The  Company 
contemplates  adding  another  breaker,  and  enlarging  its  operations. 

Wh.  Q.  Stabb,  &q.,  ofNew  London,  Conn.,  who  has  several  yean  of  practical 
ezperience  ia  coal  mining  in  this  county,  is  PretiderU  of  the  Company. 

Wif.  H.  Chaphan,  Es<t.,  President  of  the  National  Union  Bank  of  New  London, 
is  Secr^ary  and  Trtoturer,  and  its  Direetort  comprise  tome  of  the  leading  bosineu 
men  of  that  place. 

The  office  address  of  the  Company  is  New  Loudon,  Conn. 
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Vo.  80. 

POTTSTILLB  MINING  AND  MANU- 
PACTUBING  COMPANY. 

Three  collieries :  Orchard  collierj, 
Lewis  colliery  aad  Ball's  colliery,  be- 
tween St  Glair  and  Pottsville,  on  Gate 
and  other  red-ash  yeins;  steam-power, 
200  horse ;  capacity,  50,000  tons  per  an- 
num ;  prodnction  in  1865,  31,811  tons. 

ITo.  31. 

GROSS,  CLABKE  &  CO. 

(Eirk  k  Banm's  old  place.) 

Near  St.  Clair,  on  Primrose  and  Holmes, 
below  and  above  water  level:  Steam- 
power,  250  horse;  production  in  1865, 
28,827  tons. 

No.  33. 
ST.  CLAIR  COAL  COMPANY. 

Shaft  colliery  and  Slope  colliery,  at 
St.  Clair,  on  Mammoth:  Steam-power, 
750  horse;  capacity,  100,000  tons  per 
annum ;  prodnction  in  1864,  67,476  tons ; 
in  1865,  37,844  tons.  (Shaft  colliery 
Breaker  destroyed  by  fire  daring  1865.) 

"So,  85. 
P.  BRENE. 

Mill  Creek  Gap,  above  St  Clair :  Drifts 
on  Skidmore  and  Buck  Mountain ;  steaniF. 
power,  20  horse. 

No.  36. 
PRIMROSE  AND   PEACH   MOUN- 
TAIN COAL  COMPANY. 

In  St  Clair :  New  concern,  now  under 
development;  steam-power,  120  horse; 
capacity,  50,000  tons  per  annum. 

No.  87. 
GEORGE  S.  RBPPLIER 

Mammoth  colliery,  junction  of  Wolf 
Creek  and  Mill  Creek,  above  St.  Clair : 
Two  slopes  on  Mammoth,  one  758  feet 
deep ;  steam-power,  440  horse ;  capacity, 
75,000  tons  per  annum;  production  in 
1865,  38,762  tons. 


No.  88. 
MANCHESTER  COAL  COMPANY. 

Wadesville,  (C.  Frantz's  old  place:) 
Slope  on  Primrose  and  Orchard ;  steam- 
power,  80  horse;  production  in  1865, 
32,920  tons. 

No.  89. 
CHARLES  SAYLOR,  Aobkt. 

Above  Wadesville:  Slope  on  Prim- 
rose ;  steam-power,  50  horse ;  production 
in  1865, 14,083  tons. 

No.  40. 
JOB  RICH. 

Near  Pottsville:  Small  operation  for 
home  consumption. 

No.  41. 
DUNCAN  COAL  COMPANY. 
On  Mount  Carbon    Railroad,  Peach 
Mountain    or    Gate   vein,  below  water 
level :  Production  in  1865,  23,858  tons. 

No.  48. 
NORWEGIAN  COAL  COMPANY. 

Brown's  old  Oak  Hill  and  Price  Weth- 
erill  collieries,  at  Oak  Hill,  on  the  Mount 
Carbon  Railroad:  One  shaft  and  three 
slopes  on  Primrose,  sinking  to  Mam- 
moth ;  steam-power,  340  horse ;  capacity, 
under  full  development,  100,000  tons  per 
annum ;  production  in  1864, 19,664  tons ; 
in  1865,  7,407  tons. 

No.  43. 
MOUNT  CARBON  COAL  CO. 

Wm.  Williams'  old  colliery,  at  Mount 
Laffee:  Shaft  on  Primrose,  sinking  to 
Mammoth;  steam-power,  65  horse;  ca- 
pacity, 70,000  tons  per  annum ;  produc- 
tion in  1865,  7,068  tons. 

No.  44. 
EAST  MOUNT  LAFFEE  COAL  CO. 

Mount  Laffee  colliery,  at  Mount  Laffee : 
Slope  on  Mammoth ;  steam-power,  about 
150  horse;  sinking  and  preparing  for 
operation. 
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SCHUYLKILL  HAVEN  DIS- 
TRICT. 

No.  45. 

NEW  HAVEN  COAL  COMPANY. 

West  Mount  Laffee  colliery,  at  Mine 
Hill  Gap:  Slope  on  Mammoth;  steam- 
power  aboat  125  horse ;  idle  during  1865. 

ITo.  46  and  48. 

WILLIAM  H.  STARR. 

Diamond  colliery.  (See  Star  Coal  Com- 
pany, No.  18.) 

ITo.  47. 
R  C.  HILL. 

Patten's  Old  Mine  colliery,  at  Mine 
Hill  Gap,  on  Mammoth,  below  water 
level. 

Vo.  49. 

WILLIAM  KBAR  A  CO. 

Mine  Hill  Gap  colliery,  near  Coal 
Castle:  Slope  on  Mammoth;  steam- 
power,  350  horse. 

Wolf  Creek  Diamond  colliery,  near 
Minesville,  on  Primrose  and  Diamond: 
Steam-power,  150  horse;  production  in 
1865,  76,571  tons. 

ISTo.  51. 
WILLIAM  LITTLEHALES. 

(Now  New  Castls  Mutual  Coal  Co.) 

Patterson  colliery:  At  Greenberry, 
Mine  Hill  Basin,  on  Back  Mountain, 
(Jugular,)  above  water  level ;  production 
in  1864,  4,400  tons. 

Ko.  52. 

NEW  YORK  AND  SCHUYLKILL 

COAL  COMPANY. 

Heckscherville  colliery,  on  (Jugular) 
Daniel,  Mammoth  and  other  lower  veins : 
Two  slopes  and  two  tunnels ;  steam-power, 
730  horse;  capacity,  150,000  tons  per 
annum ;  production,  90,000  tons. 

Thomas  ton  collierv,  north  side  of  Mine 
Hill,  Mammoth,  Skidmore  and  Buck 
Mountain :  Shafts  83  yards  deep ;  steam- 
power,  210  horse ;  capacity,  180,000  tons 
per  annum ;  production,  120,000  tons. 

Otto  Red-ash  colliery,  south  side  Mine 
Hill,  on  Black  Heath  and  split  of  Mam- 
moth, (same  as  at  Wolf  Creek:)  One 
slope,  320  yards  long ;  steam-power,  270 


horse ;  capacity,  100,000  tons  per  annmn ; 
production,  80,000  tons. 

Black  Heath  Collierr,  south  ride  of 
Mine  Hill,  on  Black  Heftth,  Skidmore, 
and  and  Back  vein  (above  water-level) ; 
steam-power,  60  horse. 

North  Tunnel  GoUierr,  Boaih  side  of 
Mine  Hill,  on  Mammoth,  above  water- 
level;  ciqpacity,  40,000  tons ;  production, 
20,000  tons. 

Forestville  Colliery,  at  Forestville,  on 
Mammoth  and  lower  veins.  Slope  300 
yards  long ;  steam-power,  140  horse ;  ca- 
pacity, 100,000  tons ;  production,  70,000 
tons. 

Total  shipments  from  the  six  collieries 
in  1865, 172^8  tons. 

Ko.  52H. 
T.  H.  SCHOLLENBERGER,  Aourr. 

Near  Glen  Carbon,  on  Mammoth  and 
other  White  Ash  Veins :  Production  in 
1865,  44,190  tons. 

Vo.  68. 

GLEN  CARBON  COAL  COMPANY. 

Glen  Carbon  colliery,  above  Hecks- 
cherville, in  Mine  Hill  Basin :  Slope  on 
Mammoth  and  other  White  Ash  veins; 
steam-power,  135  horse ;  capacity,  50,000 
tons  per  annum;  production  in  1865, 
25,563  tons. 

ISTo.  54. 
B.  HAMMET. 

Peaked  Mountain  colliery,  in  Mine  Hill 
Basin,  on  Mammoth  and  other  veins: 
Three  drifts,  three  tunnels,  two  shafts, 
one  slope;  steam-power,  520  horse;  ca- 
pacity, 100,000  tons  per  annum ;  produc- 
tion m  1865,  21,603  tons.  (Burned  out 
in  March,  1865;  started  in  July  same 
year.) 

Ho.  66. 

PEOPLE'S  MUTUAL  COAL  CO. 

Near  Monterey,  on  Mammoth  and  other 
veins :  Production  in  1865,  44,190  tons. 

No.  66. 
GORMAN  A  WINTERSTEIN. 

Near  Monterey,  repairing  Taylor's  old 
place. 

No.  68. 

BLA.CK  HEATH  COAL  COMPANY. 

Serriirs  old  place,  near  Minesville, 
above  water  level,  on  Mammoth,  Skid- 
more and  Buck  Mountain,  (locally  known 
as  Black  Valley,  Skidmore  and  Spring 
veins :)  Steam-power,  20  horse ;  produc- 
tion in  1865, 12,802  tons. 
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MAMMOTH  VEIN  CONSOLIDATED  COAL  COMPANY." 
Tbis  great  coal  compaa^  own  and  operate  eight  of  the  largest  collieries,  jnclnd 
tng  the  new  ehart  at  WadesTille,  in  the  Anthradte  BegioDS.  and  all  of  them  are  on 
the  Hammoth  Vein,  which  is  the  greateBt  coal  bed  of  the  anthracite  fields.  Amoog 
these,  the  Hickory  Collierj,  at  St.  Clair,  one  of  the  oldest  and  most  sncceBeful  in 
operation,  claims  our  special  attcntioa.  This  collier;  is  located  in  the  second  basin 
soath  of  the  Mine  Hill  range— John's  inter  veiling— which,  in  this  vicinit]',  has  in- 
Tariably  produced  the  moat  excellent  coal,  while  the  Mammoth  is  here  naiformlj 
fonnd  in  its  best  workable  condition,  and  from  20  to  30  feet  in  thickoMS.  The  old 
Hickory  Collierj,  fonnerlj  Milnea',  has  been  constantly  productive  for  a  period  of 
over  20  Tears,  and  promises  to  be  equally  available  for  many  years  to  come;  while 
the  new  Hickory  Shaft  Colliery,  now  in  course  of  development,  to  the  dip  of  the  old 
workings,  and  to  the  west  of  the  same,  at  Wadesville,  will  command  a  breasting  of 
1,200  feet  on  the  Mammoth  with  a  "  run"  on  the  "  strike"  of  the  same  of  two  miles. 
The  seven  foot  and  the  underlying  Skidmore  and  Buck  Mountain  beds  are  also 
available  in  the  shaft  colliery  with  an  equal  rnn,  and  greatly  increased  breasting. 

This  new,  colliery,  heiag  designed  and  executed  with  a  view  to  permanence, 
economy  of  production,  ana  the  most  approved  mining  appliaoces,  promises  to  be 
one  of  our  most  extensive  and  productive  collieir  establishments.  The  Hickory 
coal  has  always  enjoyed  a  high  reputation  in  market,  and  justly  so,  because  none 
better  is  produced  in  the  Anthracite  Regions.  We  consider  the  Hickory,  Fine  Forest 
Lnd  John's  Eagle  Colliery  coals,  as  equal  to  the  best  Locnst  Monntain  or  Lehigh, 


150,000  to  200.000  tons.  The  aggregate  steam-power  at  the  old  works  ia  .150  horse  ; 
at  the  new  works  650  ia  proposed,  or  a  total  of  over  1000  horse-power.  The  size  of 
the  new  shaft  is  14  by  22  feet,  and  the  estimated  depth  to  the  Hammoth  aboi^t  600  feet. 

The  Mammoth  Vein  Consolidated  Coal  Company,  in  addition  to  the  Hickory 
OoUieries,  own  and  operate  two  collieries  near  Tnscarora  (see  No.  B  on  map),  in  the 
Southern  Coal  Field,  and  four  collieries  in  the  Uahano^  Region,  of  the  Middle 
Coal  Field;  namely,  the  Mahanoy  Yalley,  Locnst  Mountain,  Locust  Gap  and  A.  S. 
Wolf  Collieries,  (see  No.  11  on  map,)  all  on  the  Mammoth  Tein. 

W.  H.  SHEIAFEB,  ESQ.,  ii  the  geoeral  agent  of  this  company. 


PINE  FOREST  COLLIERY. 

OBOBOB  W.  8NTDE& 

George  W.  Snyder's  Pine  Forest  collieiy  liss  lieen  in  actire  operatioo  daring  i 
period  of  twenty  yean,  and  lifts  aiwaya  been  prodnctive,  frith  a  capacity  of  aboni 
100,000  tons  per  aDnom ;  and,  perhaps,  no  coal  sent  to  market  has  been,  inrariablj, 
BO  well  prepared,  daring  "  good  "  aa  well  as  "  bad  times,"  as  the  "  Pine  Foreit,"  or 
that  bas  ponstantly  eojoyed  a  better  repniatioD  among  coal  coDsunera. 

The  old  Pine  Forest  colliery  is  near  the  town  of  St  Clair,  and  on  the  sontheni 
slopes  of  the  celebrated  Mine  Hill  range,  along  which  the  white-aah  coal-beds  ut 
generally  in  their  best  condition,  and  extremely  prodnctiTe ;  bnt  at  no  point  south  of 
the  Mine  Hill  are  Ihey  so  nniformly  good  as  in  this  ricinity. 

The  veins  worked  in  the  Pine  Forest  colliery  are  the  "Seven  Foot"  Mammotk 
and  Skidmorc.  For  a  considerable  period  they  were  prodDctive  above  water  level, 
bnt  the  third  "  \i(\. "  below  is  in  operation  throngh  the  Pine  Forest  slope ;  while  the 
fonrth  "  lift"  is  being  opened  by  the  new  Pine  Forest  shaft,  which  is  now  in  coane 
of  development,  as  illoslrated  in  Figure  209. 

The  old  Pine  Forest  colliery  will  be  prodactive  for  a  considerable  length  of  tioe 
yet,  and  the  combined  capacity  of  both  establishments  may  be  stated  at  250,000  tons 
per  annum.  There  are  two  slopes  at  this  colliery,  on  the  Mammoth,  cconected  bj 
tunnels  *ith  both  the  "  Seven  Foot"  and  Skidmore,  and  the  aggregate  power  of  tie 
hoisting  and  pnmping  engines  thereon  is  IBO  horse.  The  breaker  engine  is  10,  ami 
the  dirt-plane  engine  40  horse-power;  while  a  small  locomotive  engine  is  ased  for  Ilie 
purpose  of  conveying  the  mine  cars  from  point  to  point  OB  the  sorbce ;  the  tot*! 
steam-power  at  old  Pine  Forest,  being  about  360  horse. 


DESCRIPTION  (^  MrNES. 


PINE  FOREST  SHAFT  COLLIERY. 


The  new  Fine  Poreet  Bhaft  collier;  is  dow  in  course  or  deyelop. 
neot,  bj  B  shaft  suDk  to  the  dip  of  the  olil  Pine  Foreet  works, 
near  the  bottom  of  the  second  buin  aoath  of  the  Uine  Hill,->- 
thnt  hoowD  as  Johns'  basin  being  the  Grst.  This  shaft  is  12 — 20 
feet  in  aiie,  acd  abont  330  feet  in  depth  to  the  Mammoth.  It  is 
intended,  hoRever,  to  reach  the  Skidniore,  which  ia  aboat  450  feet 
fnim  the  lorface,  and  perhaps,  eventaally,  the  Buck  Monntain 
T«n.  The  character  of  the  work  and  improvements  at  this  new 
collier;  are  substantial  and  well  designed  for  permanence  and 
•eooom;  of  operations.  I'bc  hoisting  machinery  consists  of  a 
pair  of  engines  connected  to  the  same  shaft  at  right  angles  with 
link  motion, — cylinders.  20  inches  diameter,  by  foar  feet  stroke, 
aod  capable  of  elevating  1001  tons  of  coal  per  day.  A  large 
"Ball  Engine"  is  erected  for  the  purpose  of  drainage,  with  a  60 
inch  cylinder,  1 0  feet  stroke,  and  two  colomna  of  20  inch  pipes  in 
twb  lil'ta.  The  breaker  is  40,  and  the  dirt-plane  engine  30  hone- 
power  ;  giving  a  total  8t«ani-power,  at  the  shan,  of  abont  725 
horse,  or  an  4ggre;ate  at  both  collieries  of  1000  horse-power. 

The  engines  for  the  new  shaft,  in  particular,  are  of  great 
strength  and  simplicity,  and  admirable  as  models  of  mining 
machinery.  Mr.  Snyder  bnilda  hi»  own  machinery  at  his  old  and 
justly  celebrated  Poltuville  Machine  works  and  foundry. 

The  extent  of "  breasting  "  on  the  dip  of  the  seams,  from  the 
dip  workings  of  the  slope  to  the  levels  of  the  shaft,  is  from  400  to 
900  feet;  while  the  "run"  on  their  "strike",  is  about  one  and 
three-qaarter  miles.  The  Mammoth  is  here  from  20  to  30  feet  in 
thickness,  the  Skidmore  8  feet,  and  the  "Seven  Foot"  8  feet; 
while  the  Buck  Mountain  vein  has  been  found  in  the  vicinity  10 
feet  thick.  The  aggregate  thickness  of  workable  coal  is,  therefore, 
about  filly  feet,  and  the  amount  available  at  these  collieries,  in- 
cluding the  basin,  to  the  dip  of  the  shaft,  not  less  than  10,000,000 
tons. 

The  moderate  dip  of  the  meaanrea  in  the  new  shaft  colliery, 
the, number  of  seams,  and  the  proximity  to  the  basin,  offer  an 
admirable  opportnnity  of  introducing  the  beat  and  most  improved 
aystems  of  mining  and  ventilation  ;  while  the  extensive  and  enb- 
staotial  style  of  the  improvements  and  the  power  of  the  machinery 
combine  to  render  this  colliery  one  of  great  capacity,  and  among 
the  best  of  oar  new  and  approved  mining  eatablishmenta.  The 
breaking  and  coal-preparing  arrangements  are  ona  large  scale, 
and  erected  with  a  view  to  the  careful  preparation  of  the  coal  for 
market,  as  well  as  capacity  for  production  We  may,  therefore, 
■afely  state,  that  the  Pine  Forttt  coal  in  the  fvture  wilt  turiai'n 
itt  reputcUt  on  in  the  patt. 
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ITo.  34. 

GEORGE  W.  JOHNS  ft  BRO. 

This  colliery  b&H  stways  been  conducted  in  the  most  practical  and  economical 
muuter,  having  been  deTelopcd  and  improved  by  two  practical  bdi]  prudent  niinert, 
lliomas  Johns  and  the  late  William  H.  Johns,  who  did  their  work  in  the  most  snb- 
Btftntiol  manner,  and  with  the  great  objects  of  availability  and  economy  in  operation 
cooatantly  in  view.  The  consequence  ia,  that  this  has  been  oae  of  oar  most  succeits- 
fnl—if  not  our  moat  aucccssful — collierica;  and  has  realized  for  its  prudent  and 
fortunate  posBessors  over  a  million  of  dollars  in  net  profits. 

It  is  not,  and  has  not  been,  a  better  location  than  many  others  we  might  name; 
nor  has  the  Mammoth  here— though  uniformly  good  and  productive  of  splendid 
coal — been  superior  in  sise,  or  economy  of  production,  to  the  same  magnificent  bed 
io  many  other  places,  where  it  has  not  been  bo  profitably  worked.  In  mining,  as  in 
all  other  pnrsuilB,  practical  experience,  and  a  carefnl,  energetic  management,  ia 
alinoBt  always  certain  of  success,  and  always  certain,  when  the  cool  exiett  in  com- 
paratively large  seams,  and  is  free  from  fault  and  impurity. 

Tlie  Eagle  Colliery  is  capable  of  producing  100,000  tons  per  annum.  It«  pro- 
dnction  has  been  about  75,000  tons  per  annum.  During  1B64,  64,558;  1865,  74,745 
tou  were  shipped.  It  is  on  the  Mammoth  Tein,  above  and  below  water  level;  its 
steam  machinery  consists  of  on  aggregate  of  200  horse-power.  The  colliery  is  locsted 
at  the  npper  end  of  the  town  of  St.  Clair. 


DESCRIPTIOH  OF  HfNES. 
No.  60,   Baa  Hmp. 

PINE  KNOT  COAL  COMPANY. 

CAPITAL  $500,000. 

Tigtn  lit. 


The  East  &nd  Went  Pine  Knot  Collieries  are  located  on  the  soath  dips  of  the 
Hine  Hill  Basin,  at  the  base  of  tbe  Broad  Monntain,  and  opposite  Mine  Hill  Qap. 
The  Eiaat  Collier;  occnpies  the  site  of  the  old  and  celebrated  Greenberry  Hinea, 
wliich,  for  a  long  period,  produced  large  quatititiea  of  the  most  excellent  coal  aboTe 
wat«r-leTel.  The  West  Collier;  is  on  the  site  of  the  old  Daniel  Mines,  one  ot 
the  first  worked  in  the  Mine  Hill  BegioD,'and  which  was  also  operated  for  a  long 
period  above  water-level.  The  distance  between  these  two  collieries  is  sbont  one 
and  a  half  miles,  and  the  entire  "ran,"  on  tbe  "strike  "  of  the  veins,  is  about  thret 
mtlM;  or  from  the  Hecktcherville  Oollieries  on  the  west,  to  a  point  near  Newcastle 
on  the  east. 

The  coal-beds  worked  are  locall;  known  as  the  Mammoth,  or  Daniel,  Lelar,  Crosb;, 
and  Big  Diamond— the  probable  eqnivalent  of  the  Mammoth,  Skidmore,  Qamma, 
and  Bnck' Moon  tain.  Behind  these,  to  tbe  north,  and  avulabla  to  either  slope  by 
tunnel,  is  a  repetition  of  both  the  north  and  sontb  dips  of  all  the  lower  coal-beds, 
inclnding  the  Mammoth,  in  what  ma;  b«  called  the  Inverted  Jngolar  Baain,  as 
■hown  in  fignre  214. 

The  Pine  Knot  Collieries  are  on  the  right  side  of  the  above  fignre  and  on  the 
sonth  dips  of  the  first  basin,  which  includes  the  six  nppet  seams  onl;.  It  is  plain, 
however,  that  all  the  beds  are  repeated  in  the  second,  or  North  (Jngalar)  Basin,  , 
except  the  two  upper  ones,  and  that  the;  may  be  reached  and  operated  from  the 
Pine  Cnot  slopes  with  much  economy.  Thus,  (toefve  coal-beds  ma;  be  worked  at 
one  time  at  these  collieries,  which  cannot  be  sold  of  man;  other  mining  establish- 
ments. 

In  November,  1863,  these  collieries  were  purchased  b;  H.  W.  Fuller,  Esq.,  of 
Boston,  and  since  then  a  thorough  s;«t«m  of  improvement  bos  been  introduced  and 
carried  ont,  involving  the  expenditure  of  large  snms  of  money. 

At  the  West  Collier;  a  large  and  substantial  breaker,  on  the  most  approved 
plans,  has  been  erected,  with  new  engines,  engine  houses,  &a.,  &c.  The  slope  luu 
been  thoroaghl;  repaired,  and  tunnels  driven  to  the  Lelar  and  Crosby,  at  tbe  second 
lift.  At  the  East  Collier;  tbe  pnmping  slope  has  been  improved,  and  a  new  and 
powerful  Cornish,  or  "  Bull,"  Engine,  with  a  Gfty-three  inch  cylinder  erected,  and 
two  new  columns  of  twenty-inch  pipes  laid  down.  This  engine  alone — without  tlie 
assistance  of  two  other  large  pum ping-engines — is  of  sufficient  capacity  to  drain  the 
workings  of  both  collieries.  The  old  ooral  slope  at  this  collier;  has  been  enlarged 
to  11  by  28  feet,  and  newly  timbered  to  the  bottom  of  the  first  lift  It  is  to  be 
49 
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eztended  to  the  second  lift  immediately,  and  a  new  and  improyed  coal-breaker 
erected  thereon. 

The  agg^g^te  steam-power  employed  at  these  collieries  is  eight  engines,  and 
about  750  horse-power,  of  whioh  200  horse  is  used  for  hoisting  ooa!,  500  for  pumping, 
and  50  for  breaking  and  preparing.  The  capacity  of  the  mines  is  aboat  100,000  torn 
per  annum,  and  when  fally  developed  should  reach  1,000  tons  per  day. 

Bepplier's  Mammoth  Colliery  adjoins  the  Pine  Klnot  on  the  east ;  the  New  York 
and  Schaylkill  Coal  Company's  Collieries,  at  Heckscherville,  on  the  west,  and  Wm. 
Kear  &  Co.'s  Mine  Hill  Gap  Colliery  on  the  sonth.  All  these  celebrated  mines  are 
on  the  same  veins  as  the  Pine  Knot,  and  the  character  of  the  coal  produced 
ftrom  the  entire  basin  is  excellent.  It  is  as  dense  as  the  coal  of  the  Lehigh,  and  as 
available  for  all  the  purposes  in  which  the  hard  anthracite  is  used. 

The  expenditure  in  developing  these  collieries  is  heavy,  but,  considering  the 
number  of  coal-beds  which  ve  accessible  by  either  slope,  and  the  great  length  of 
the  "  run,"— on  which  twenty-four  gangways  may  be  driven  at  each  lift — we  consider 
that  the  work  accomplished  so  far  has  been  done  with  judicious  economy,  and  with 
a  view  to  permanence  and  availability  in  improvements  and  production. 

The  officers  of  the  Pine  Knot  Coal  Company  are : 

President^  William  S.  Eaton,  Boston ;  iSecre^ary,  SmoN  Levi,  Boston ;  IVeoncrer, 
H.  W.  FuLLBB,  Boston. 

ESdwin  Habjus,  Minersville,  AgetU  and  SuperirUenderU. 


vo.ei. 

PHOBNIX  PARK  COAL  COMPANY. 

Four  collieries:  One  and-a-half  miles 
north-west  of  Miuersville,  on  1,000  acres 
of  land  owned  by  this  company.  At 
present  working  Primrose,  Orchard  and 
Diamond :  Steam-power,  350  horse ;  pro- 
duction in  1865,  39,854  tons. 

9*0.  62. 
GOODMAN  DOLBIN. 

Lytic  c611iery,  Woodside,  below  water 
level,  t>n  Diamond:  Steam-power,  50 
horse ;  capacity,  35,000  tons  per  annum ; 
production  in  1865, 17,673  tons. 

19  o.  64. 
HOUSEKEEPERS'  COAL  CO. 

At  Branchdale,  below  water  level,  on 
Spohn  or  Gate  vein:  Steam-power,  70 
horse. 

If  OS.  60  and  66. 
8WATABA  FALLS  COAL  CO. 

Two  collieries  at  Swatara  Falls,  on 


Mammoth  and  other  seams,  above  and 
below  water  level :  Production  in  1865, 
62,630  tons.  ' 

Ko.  67. 
GILPILLAN  &  LYNCH. 

Swatara  colliery,  near  Swatara  Falls, 
above  water  level,  on  Mammoth  veins, 
(split :)  Steam-power,  15  horse ;  produc- 
tion in  1865,  12,617  tons. 

If  o.  68. 
TREMONT  COAL  COMPANY. 

(Formerly  C.  Qarretson.) 

Middle  Creek,  west  of  Swatara,  on 
Mammoth,  above  and  below  water  level : 
Steam-power,  120  horse ;  capacity,  50,000 
tons  per  annum;  production  in  1864, 
24,000  tons. 

Ko.  60. 
SPRING  HILL  COAL  COMPANY. 

Spring  Hill  colliery:  Allan  Flsher^s 
mines,  in  Sharp  Mountain,  above  water 
level;  production  in  I865»  16,383  tons. 
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SWATARA  DISTRICT. 

Wo.  71. 
BED  MOUNTAIN  COAL  CO. 

Near  Tremont:  Production  in  1865, 
1,710  tons. 

Vo.  73. 

BEAR  MOUNTAIN  MAMMOTH 
VEIN  MUTUAL  COAL  CO. 

J.  A.  Dntter's  old  place :  On  Primrose 
and  Mammoth,  above  and  below  water 
level ;  steam-power,  200  horse ;  capacity, 
20,000  tons  per  annum. 

Vo,  78. 
J.  A.  DUTTER  &  CO. 

New  place,  near  Donaldson :  Produc- 
tion in  1865,  8,116  tons. 

B^o.  74. 
TREMONT  COAL  COMPANY. 

(Formerly  Etien  A:  Lomison,  near 
Donaldson.) 

The  Estate  of  this  Company  consists  of 
4,500  acres  of  land,  near  Turnout.  They 
now  operate  three  collieries — those 
formerly  worked  by  C.  Garretson,  (See 
No.  68,)  Etien  A  Lomison,  and  Horton*s 
old  place,  near  Donaldson.  The  veins 
available  are  the  Primrose,  10  feet  thick ; 
Mammoth,  15  to  30  feet;  Black  Heath,  12 
feet ;  Skidmore,  10  feet,  and  the  interven- 
ing veins.  Total  steam-power,  205  horse. 
Shipments  for  1865  credited  to  the 
former  operators. 

Na  75. 
8TR0H  COAL  COMPANY. 

New  company:  Production  in  1865, 
4,251  tons. 

9*0.  79. 

ECKERT  A  CO. 

€k>od  Spring  Creek  colliery :  One  mile 
west  of  Donaldson,  on  Mammoth,  above 
and  below  water  level ;  steam-power,  150 
horse ;  capacity,  50,000  tons  per  annum ; 
production  in  1865,  25,213  tons. 


Vo.  80. 
MILLER,  GRAEP  A  CO. 

Three  Lorberry  collieries,  on  Lorberry 
Creek,  above  and  below  water  level,  on 
Mammoth :  Steam-power,  300  horse ;  ca- 
pacity, 150,000  tons  per  annum ;  produc- 
tion in  1865, 108,961  tons. 

"No.  81. 
HENRY  IIEIL. 

Two  collieries  west  of  Tremont,  on 
Mammoth,  Holmes  and  Primrose,  above 
and  below  water  level :  Steam-power,  200 
horse ;  production  in  1865,  76,900  tons. 

JSfa,  83. 

LORBERRY  COAL  COMPANY. 

In  Sharp  Mountain,  at  Lorberry: 
Diagonal  slope,  321  feet  io  length ;  angle 
forty  degrees,  on  Mammoth;  steam-power, 
100  horse ;  new  operation ;  j^noductioD  in 
1865,  2,810  tons. 

B^o.84. 

BROAD    MOUNTAIN    MAMMOTH 
VEIN  MUTUAL  COAL  00. 

Two  miles  west  of  Tremont:  Slope  on 
Primrose,  Mammoth,  Skidmore  and  other 
veins ;  steam-power,  120  horse ;  new  place. 

LYKENS'  VALLEY  DISTRICT. 

Voa.  87  and  8S> 

SHORT  MOUNTAIN  COAL  CO. 

FRANKLIN  COAL  00. 

Two  collieries :  Now  consolidated  un- 
der one  company,  below  water  level,  on 
Buck  Mountain  vein ;  ste^pfi-power,  700 
horse;  production  in  186(^29,973  tons. 

Kg.  80. 
BEAR  VALLEY  COAL  00. 

New  operation:  Tunnel  to  the  Bear 
Valley  coal,  lower  seams. 

9*0.  90. 
NORTH  MOUNTAIN  COAL  CO. 

New  operation  in  Bear  Valley :  Lower 
coal  seams. 
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WOLF  CREEK  DIAMOND  COAL  COMPANY. 


LlUla  DIftBdU. 


This  Componj  is  located  on  ee»eral  of  oor 
most  SQCcessrul  mines,  inclading  the  "  DiomoDd," 
Black  Heath  and  Black  Valley,  formerlj  owned 
by  Gideon  Bast,  Esq.,  and  more  recently  by  Geo. 
B.  Polls  &  Co.  Both  of  these  parties  realiud 
handsome  profile  from  their  operationa- 

Tbe  coal-bpds  now  worked  by  the  Woir  Creek 
DiaoioDd  Coal  Company,  are  the  Diamond  J,  and 
the  Mammoth  E  E  E,  here  split  in  three  seams, 
which  is  its  normal  condition  weat  of  Mine  Hill 
Gap.  Locally  these  splits  are  known  u  the 
"  Reese  Davis,"  "  Black  Valley,"  "  Black  Heath  " 
or  "  Petherick." 

On  the  next  page  will  be  fonnd  sections  ot  the 
Diamond,  Reese  Davis,  and  Black  Valley;  the 
tbicknea  of  workable  coal  in  the  two  latter  being 
respectively  from  B  to  10  feet ;  the  benchet.  as 
represented,  being  extremely  solid  and  free  from 
imparities.  The  Black  Heath  or  Petherick  (!)  is 
not  represenlcd,  bat  the  thickness  of  available 
coal  is  about  the  same  as  in  Ibe  Black  Valley,  or 
from  B  to  10  feet.  It  will  thas  appear  that,  though 
the  Mammoth  is  here  divided  into  three  seams, 
the  amount  of  coal  is  not  thereby  diminished.  The 
nsaal  sise  of  the  Mammoth  is  25  feet,  and  the  three 
or  perhaps  four  seams  into  which  it  is  divided 
at  Wolf  Creek  ranges  from  24  to  30  feet  in  Ibe 
aggregate.  We  do  not  think  this  division  is  u 
injnry,  since  tbe  coal  preserves  its  splendid  sp- 
pearaoce,  and  many  experienced  miners  are  of  ibe 
opinion  that  more  coal  can  be  obtained  from  veins 
of  moderate  dimensions,  than  from  excessive  en- 
largements, when  tlie  respective  thickness  is  com- 
pared ;  that  is — three  seams  of  10  feet  each  will 
produce  more  available  coal  per  acre  than  one  of 
30  feet  thickness,  and — anless  the  larger  bed  is 
favorable  formed  and  stratified — with  more  econ- 
omy. 
These  collieries  are  located  abont  one  mile  north 
of  Mioersville,  on  the  Herbine  and  "Wolf  Creek  tracts  principally,  comprising  abont 
1000  acres  of  lend  with  a"  ron'"  of  nearly  two  milea  on  th«  "strike"  of  the  teams. 


DESCRIPnOH  OF  VINES. 

No.  1  colliery  U  known  as  the  "old  whiteaBh;"  No.  2,  m 
the  "  Diamond  red-uh ;"  No.  3,  as  the  "  new  white-ash  ;"  No. 
4,  as  the  "  Black  Talle^  old  glope."  and  No.  5.  ae  the  "  Black 
Valley  new  slope."  The  steam-power  on  these  five  collieries  is 
about  500  horse,  and  their  capacity  200,000  tons  per  anouni. 

The  qnality  of  the  coal  from  these  mines  is  eicellent,  and 
hu  always  stood  very  high  in  market  The  Diamond  colliery 
oa  tbe  Diamond  vein  prodaces  red-aeb,  which  is  appropriately 
named  "Diamond"  hom  its  rich  and  splendid  appearance, 
while  its  combustion  in  grates  and  stoves  is  perfect.  For  the 
production  o(  a  glowing-  and  genial  fire,  in  the  open  grate  par- 
ticularly, there  is  no  coal  eqnal  to  the  Anthracite  red-ash,  and 
none  better  than  that  prodnced  from  the  Diamond  bed,  or  J 
of  our  nomenclature. 

Between  this  seam  and  the  Reese  Davis  E,  there  arc  foar  or 
Sve  workable  beds  or  veins  including  the  Orchards,  which  may 
be  operated  by  tnncels  from  any  one  of  the  Wolf  Creek  col- 
lieries. 

The  Reese  Davis  ia  a  pink-ash  coal,  which  is  rare  for  any 
portion  of  the  Mammoth,  but  the  coal  thus  finds  a  place  be- 
tween the  estra  red-ash  and  the  white-ash  coals,  and  has  been 
found  to  answer  an  admirable  purpose  for  generating  steam 
qnickly,  and  for  all  purposes  where  a  great  draught  cannot  be 
obtained.  The  Black  Valley,  Black  Heath  or  Fetherick  are 
white-ash  beds  and  constitnte  the  lower  divisions  of  the  Mam- 
moth, and  answer  every  purpose  for  which  the  white-ash 
Anthracites  are  used,  while  the  just  celebrity  of  these  coals  in 
market  is  the  best  guarantee  of  their  general  avaiLabiltty  and 
good  character. 


OFFICBBS  OF  THE 

WOLF  CREEK  DIAMOND  COAL  COMPANY.- 


Fresidbmt. 
W.  G.  AUDENRIED. 


EiEcnrivt  Comhittik. 
LEWIS  ADDENRIED. 
GEORGE  H.  POTTB, 
J.  ROMMEL. 


SuPEBIKTSNDtHT. 

GENL.  J.  K.  SIGFRIED. 


Ho.  67. 

NEW  BOSTON  COAL  COMPANY. 


BBOAD    MOUNTAIN    BASIN. 

IVi  ■■fiiflrrnt  basin  of  cwtl  will  be  foaod  tallj  dcBcribed  in  Oliiptvr  XIII, 
ftom  page  269  to  218.  It  is  an  iBolated  deposit,  idenUcal  with  the  Anthracite 
coal  tormatloD,  bat  digcoaocctcd  from  aoj  of  the  grand  dmsioDS  or  fields  ronniDg 
the  Anthraoite  regions.  It  is  rather  nearer  to  the  Hehano?  or  Middle  coal  field, 
than  to  the  First,  or  Southern  Aelhracite  6eld,  aad  partakes  more  of  the  general 
character  of  the  Hahanoj  basiaa  and  coal-beds,  than  oF  the  Schnylkill  region;  bat 
wo  cannot  justly  assign  it  to  either,  and  have,  therefore,  considered  and  described  it 
M  a  diatinct  formation,  as  we  hare  the  Lehigh  Basins,  which  are  similar  in  extent, 
and  in  the  character  of  their  heds  and  coals. 

The  transverse  section  given  abore  illnatrates  the  Dnmbor  and  relative  sizes  of  the 
coal-beds,  and  their  mioininro  and  manimnm  dips.  The  character  and  location  of 
the  extensive  imp  rove  ments  now  being  erected  are  approximately  given,  and  the 
general  style  of  the  works  in  progress  for  the  full  development  of  the  basin. 

It  will  be  noticed  that  a  slope  is  sunk  on  the  Bnck  Mountain  bed.  This  slope  is 
of  large  dimensions,  and  is  sunk  420  feet  helow  water-level.  At  this  depth,  a  tnone 
is  driven  from  the  Buck  Moantaio  to  the  Uammoth,  which  will  cut  both  (C)  and  the 
Skidmore.  Each  of  these  veins  or  beds  is  in  good  workable  condition,  the  first 
being  from  six  to  seven  feet  in  thickness,  and  the  latter  from  nine  to  ten.  The 
accompanying  vertical  seetioD  gives  the  relative  dimensions  of  the  coal-beds,  their 
distances  apart,  and  the  total  depth  to  the  bottom  of  the  basin. 

It  will  be  noticed  that  A,  which  is  seldom  fonnd  in  workable  siie  elsewhere,  is^ere 
seven  feet  thick,  and  productive  of  good  merchantable  coal.  B,  or  the  Bnck  Monn- 
tain,  is  a  fine  bed,  of  18  feet  thickness,  and  the  coal,  thus  far  developed,  is  of  the 
most  splendid  character,  both  in  appearance  and  for  general  nse ;  as  a  steam  and 
ftmiace  coal,  it  mnst  altimately  become  a  great  favorite  in  the  market. 


DESCBIFTION  OP  MINES. 

The  Munmoth  here,  however,  t>  Ih* 
jtaod  bed  of  the  AntbraciU  regioitB, 
and  ningef  u  high  m  seventy  feet  in 
thicknesa;  is  evenly  deposited,  uid 
with  Done  of  the  imperfections  gene- 
rally attending  the  great  enlargement 
of  thie  inagniOeent  bed.  We  give 
(Fig.  219)  a  section  showiog  lis  dimen- 
BioDB  and  divisions,  In  which  it  will  be 
seen  that  the  amount  of  bon«  and  date 
is  very  limited,  compared  with  the  size 
of  the  vein. 

The  works  now  being  erected  by  the 
New  Boston  Coa)  Company  on  this 
basin,  are  of  the  most  complete  and 
extensive  charscter,  being  designed  and 
executed  by  Oeorge  H.  Potts,  assisted 
byhlassperintcndent,  J.  Louden  Beadle, 
while  the  massive  and  powerfnl  en- 
gines required,  aggregating  700  horse- 
power, are  built  by  George  W.  Sny- 
der, of  Fottsville.  and  promise  to  be 
perfect  models  of  mine  machinery. 

The  slope,  engines,  and  breaker,  are 
all  estimated  Cor  the  prodaction  of 
1,000  tons  of  coal  per  day,  and  we  have 
DO  donbt  bnt  that  double  this  amonnt 
might  be  produced  from  Ibis  one  elope 
and  mine,  if  desired,  since  twelve  gang- 
ways may  be  driven  in  the  six  seams  of 
coal  here  available,  and  entered  by  tan- 
nels  from  the  main  slope  on  the  Buck 
Uonntola.  It  is  designed  to  elevate  a 
train  of /our  can  at  once,  which,  on 
arriving  at  the  top  of  the  slope,  rnns 
by  gravity  to  and  _^om  the  top  of  the 
■Bom  ■oovTAis  Buis.       breaker;  and  at  the  bottomof  the  slope 

it  is  so  arranged  that  a  train  can  always  be  in  waiting.    It  is 

thos  evident  that  not  only  1,000,  bnt  2,000  tons  per  day  can 

be  produced  from  this  simple  slope  on  the  Bock  Moontain  bed, 

B,  a  section  of  which  is  here  presented. 
The  estate  of  this  Company,  in  the  New  Boston  Basin,  com-    6-G  | 

prises  abont  1,600  acres  of  land,  and  runs  on  the  "strike"  of 

the  seams  or  veins  a  distance  of  three  and  a  half  miles,  which, 

of  course,  gives  the  length  which  the  gangways  can  "  run  "  OD 

the  same.    The  average  width  of  the  basin  is  abont  2,000  feet,  " 

and  the  depth  from  900  to  1,000  feet.    The  total  thickness  of 

the  coal  is  about  100  feet,  which  will  yield,  under  economical  mining,  nearly  150,000 

tons  per  acre ;  bnt  taking  the  average  yield  at  the  safe  estimate  of  100,000  tons  per 

acre,  a  small  amoont  of  calculation  will  prodnce  a  vast  array  of  figures  as  the 


AFPBHDIZ. 

prohkble  prodnctioii  of  thia  property.    We  hetiUte  to  mtke 
them,  since  the  reaalt  woald  Kftrcel;  A  credited. 

The  location  of  this  buio  u  available  to  both  the  Philadel- 
phia and  New  York  markets.  It  ia  about  five  milea  from  the 
Broad  HonutaiD  aod  Mahano;  Railroad,  which  ia  a  feeder  of 
the  Philadelphia  and  Reading  Road,  and  now  a  brmnch  of  the 
same.  The  mines  may  be  connected  with  thia  road  on  eu; 
grades,  if  desired. 

A  Toad  is,  however,  now  in  conrae  of  conatmctton  from  the 
New  Boston  Hines  to  Delano,  on  the  Lehigh  uid  MaliaooT 
road — a  distance  of  about  eight  miles — with  easy  gndea.  Tlii 
branch  puts  the  New  Boston  Mines  in  direct  conneetioB  with 
New  York  by  rail,  with  an  advantage  in  gradea  and  distance 
over  the  Mahaoo;  Region  generally,  and  nearly  on  a  par  with 
the  Ha  ale  ton  Mines. 

OFFICERS  OP  THE 
NEW  BOSTON  COAL  COMPANY, 


President, 
*  ROBERT  LENNOX  KENNEDY. 

Treasurke,  &c., 
FRANKLIN   H.  DELANO. 


Directors, 


JF«u  Tark. 
K  L.  KENNEDY. 
GEO.  TALBOT  OLYPHANT, 
GEO.  H.  POTTS, 
JOHN  J.  ASHTON,  3a., 
PRAHLIN  H.  DELANO, 
EDWARD  DELANO. 


JOHN  H.  FORBES, 
GEO.  B,  UPTON. 


CHA8.  F.  WAD8W0RTH. 
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MARYLAND. 

CUMBERLAND    COAL    REGION.  . 

BAETON  COAL  COMPANY. 

"nt  locatioD  of  tbJB  Coal  Companj  is  at  Barton,  Id  Alleghany  County,  Maryland, 
on  the  waters  of  the  George's  Creek,  and  in  the  celebrated  Froetbarg  basin.  The 
town  of  Barton  ie  on  the  George's  Creek  Railroad,  »ign™  SM. 

about  four  miles  above  its  junction  with  the  Balti- 
more and  Ohio  Railroad  at  Piedmont,  (see  map  of 
the  Comberland  Coal  Region  on  page  332.) 

The  mines  of  this  Company  are  abont  two  miles 

to  the  east  of  the  town,  and  are  opened  in  the  face 

of  a  mountain,  down  which  the  coal  is  conveyed  by  a  self-acting  gravity  plai 
1,500  feet  in  length.  From  the  foot  of  this  plane  an  excellent  T  Rail  track  of  7,400 
feet  in  length  leads  to  the  dumping  house,  on  the  line  of  the  George's  Creek  Rail- 
road, at  Barton.  The  mine  cars  are  taken  direct  from  the  mines  to  the  head  of  the 
plane  by  horses  or  mnles,  and  from  the  bottom  of  the  plane  by  locomotive  power. 
The  capacity  of  the  Barton  mines  is  from  60,000  to  100,000  tons  per  uinnm.  The 
planes  and  outside  fixtores  are  capable  of  doing  a  mncb  larger  bnainesa,  and  it 
aeems  to  ns  that  the  addition  of  the  adjoining  ML  Clare  estate  to  the  coal  property 
of  the  Barton  Company  would  be  most  desirable,  since  it  would  enable  the  Com- 
pany to  increase  their  productions  largely,  and  would  make  their  operations  perm^ 
nent  and  eqnal  in  production  and  valae  to  the  beat  Cumberland  mines.  The  situation 
of  this  property  and  its  availability  for  mining  porposes,  particularly  in  connection 
with  the  Barton  mines  and  improvements,  cannot  fail  to  strike  the  observant  and 
practical  mining  engineer  with  favorable  impressious,  as  it  did  us,  during  oar  late 
risit  It  wonld  afford  an  excellent  opportunity  of  opening  the  mines  on  the  Ht. 
Clare  tract  in  a  eystematic  and  permanent  manner,  which  is  more  than  we  can  say 
of  any  of  the  mines  in  the  Camberland  Region.  Though  the  coal  is  mined  reason- 
ably cheap,  it  can  he  produced  at  less  cost,  and  much  more  coal  can  be  obtained 
from  the  same  area;  while  permanence,  reliability  and  a  constant  large  production 
may  be  secnred. 

At  the  Barton  mines,  the  "  Big  Teio"  (Mammoth  E)  is  14  feet  thick,  of  which 
10  feet  is  nearly  a  solid  body  of  pure  coal,  easily  mined  and  prodaclive  of  a  bean- 
tifal  cubical  coal,  mostly  lump.  No  coal  can  be  mined  cheaper  than  the  Barton, 
and,  nader  ordinary  prices  for  labor,  it  is  estimated  that  the  ma^etable  coal  can  be 
put  on  board  the  cars  for  fifty  cents  per  ton  on  a  batlneu  of  60,000  tons  per 
aanam  and  upwards. 

Figure  222,  which  we  give  on  next  page,  is  an  ideal  section  of  the  coal  formation 
across  the  Frostburg  basin,  bnt  represents  the  position  of  the  Uammoth  (B)  and 
other  coal  seams  pretty  correctly.  It  will  be  noticed  that  the  number  of  seams  and 
their  relative  position  agree  closely  with  the  coal-beds  of  the  Anthracite  measures. 

A  reference  to  onr  numerous  sections,  illustrating  the  Anthracite  formations,  will 
demonstrate  clearly  the  identifications  of  the  Froslbnrg  "  Big  Vein,"  with  the 
Anthracite  Mammoth,  or  K  of  onr  nomenclatnrg.  The  highest  production  per 
capita,  per  annum,  at  the  Anthracite  mines  during  1865  was  300  tons,  or  aboat 
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one  tOD  to  eftch  person  empIoTcd  About  the  minea  for  each  vorkisg  dty.  At 
the  Broad  Top  minu  the  prodnctioD  is  orer  400  tons  per  umom,  &nd  the  bigfiik 
production  is  kboat  500  torn  p«r  cKpits,  per  umum.  Of  the  prodnction  of  the  Cbb- 
berlkod  mion  we  hare  not  Baficient  date  on  which  to  make  posiUre  statements,  bit 
hsTO  (oOcient  to  estimate  it  at  nearly  500  tons  per  annam. 


maA    wULh  ia  1ar|;er  in  the  FVostbnrg  basin  than  uj- 
F  ««al  fclJi.  wlien  regnlar  and  ia  good  condition— and 


iMk  «lM>» 


Strata,  render  it  one  of  the  most  ecoDom- 
!  bmliar.    No  eotttij  nacUnery  for  drainage, 
requied,  aad  the  constant  attending  expeniM 
KiygfcJ.    lVi«  IS,  boweTvr,  a  great  want  of  «ygtgm  sad  nuniiif 
ail  tUi  region,  and.  while  the  coal  is  mined  so  cheaply,  Ac 
■ed  before  half  the  coal  is  extneted — otherwise  coal  maj  b« 
:^  fMMbv;  basin  with  more  economT  than  anywhere  else  in  this 


VIRGINIA. 

WIR  S»W  HAMPSHIRE  AND  BALTIMORE  COAL  COUP  ANT. 

fW  »««»••  <*  «k>»  Company  are  located  in  Hampshire  County,  Virginia,  near  tb« 
km  extremity  of  the  Prostbnrg  basin.    The  mines  are  opened  in  the  Bide 

*"**"'"• ot  a  mountain,  in  common  with  nearly  all  the 

Cumberland  collieries  on  the  Big  Vein,  ud  the 
coal  is  coBTeyed  to  the  foot  by  gravity  planes. 

The  coal,  both  of  the  Barton  and  the  Hamp- 
shire mines,  is  beaTttifnl  and  prepossessing  in  ap- 
pearance, while  in  practical  use  it  is  the  best 
Viuabwland  j  for  many  purposes  enperior  to  the  Anthracite,  and  for  almost  every 
^r^OM — except  the  manafacture  of  iron — the  Cnmberiand  coal  is  eqnal  in  eflectire- 
fm»-  The  great  increase  of  the  Cumberland  coal  trade  during  1865,  of  345,499  tons 
tM  a  business  of  903,495  tons,  while  the  Anthracite  trade  decreased  to  a  considerable 
twtent,  Beems  to  indicate  a  better  appreciation  of  the  value  of  tbe  Cnmberland 
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A  large  eonsmnption  of  bituminouB  coal  will  eventaally  become  a  necesBity  in  this 
country,  where  we  have  200,000  square  miles  of  bituminous  to  470  square  miles  of 
Anthracite  coal.  The  natural  increase  in  the  consumption  of  coal  in  the  United 
States  will  be  much  greater  than  the  increase  of  the  British  coal  trade,  and  the 
present  century  may  witness  a  production  of  100,000,000  tons  per  annum.  It  is  now 
over  22,000,000,  consequently  we  shall  be  forced  to  use  bituminous  coal  for  many 
purposes  in  which  anthracite  is  now  employed.  Both  invention  and  improvement 
are  tending  to  such  results,  and  even  the  richest  bituminous  coal  can  now  be  used 
raw  in  the  production  of  pig  iron,  by  the  Seimen's  process,  with  much  economy. 
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BROAD  TOP  COAL  FIELD. 

SIX-MILE   RUN   COAL   COMPANY. 

Capital,  $600,000.    Shares,  $20  bach. 

JOHN  ROMMEL,  Jr.,  Philadblphia,  President. 

This  coal  company  is  located  on  a  magnificent  coal  estate  of  eleven  hundred  and 
eighty-six  acres,  in  the  heart  of  the  now  celebrated  Broad  Top  coal  field, — the  whole 
tract  being  underlaid  with  the  principal  seams  of  the  region,  and  estimated  to  con- 
tain 20,000,000  tons  of  available  coal,  the  character  of  which  needs  no  commenda- 
tion. The  estate  is  bounded  on  the  north  by  Six-mile  Run,  and  on  the  west  and 
south  by  Shreeve  Run ;  and,  since  all  the  coal  lies  above  water  level,  it  is  thus  avail- 
able at  many  points  for  development,  while  the  tract  is  extensive  enough  for  the 
location  of  a  great  number  of  large  collieries.  At  present  only  two,  the  Fulton 
and  North  Pdnt,  are  in  operation,  with  a  capacity  of  from  three  hundred  to  three 
hundred  and  fifty  tons  per  day ;  but  the  rapidly  increasing  demand  for  Broad  Top 
coal  will  soon  require  the  fall  development  of  this  property. 

The  coal  seams  developed  are  the  Fulton,  Bamet,  Cook,  Twin  and  Spear,  with  an 
aggregate  thickness  of  twenty-five  feet  of  workable  coal.  All  these  are  above  water 
level :  the  cost  of  developing  them  is  small,  the  mining  improvements  simple,  and 
less  than  (m£4erUh  the  cost  of  those  erected  on  deep  mines,  while  the  constant  ex- 
pense of  heavy  machinery  is  avoided.  Each  man  employed  will  produce  over  four 
hundred  tons  of  coal  per  annum,  which  is  one  hundred  tons  more  than  the  average 
production  in  the  anthracite  region. 

The  development  of  the  Broad  Top  coal  field  is  of  a  comparatively  recent  date, — 
1856, — yet  the  increase  of  its  coal  trade  is  unprecedentedly  great,  and  now  exceeds 
300,000  tons  per  annum,  with  a  capacity  of  double  that  amount  There  are  many 
fine  coal  estates  in  this  field,  but  we  think  there  are  none  more  promising  than  that 
of  the  Six-mtle  Run  Coal  Company, 
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PRICE  OF  ANTHRACITE  COAL. 

Prepared  by  Wm.  O,  Neihon, 

;  of  Schuylkill  White- Ash  Lump,  per  ton  of  2240  lbs.,  by  the  cargo  at  Phila- 
.  Averaged  monthly  from  weekly  quotations  in  Philadelphia  Commercial 
\d  Price  Current, 


►*■    ^ 

ran. 

Feb. 

March 

April. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

7.50 

7.50 

7.25 

7.42 

r.25 

7.25 

6.00 

5.75 

.5.75 

5.75 

5.75 

5.75 

5.75 

5.75 

6.08 

6.00 

6.00 

5.50 

5.25 

5.25 

5.25 

5.25 

5.18 

4.88 

4.88 

4.88 

L87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.87 

4.50 

4.84 

L56 

4.56 

4.56 

4.56 

4.60 

4.63 

4.63 

4.68 

4.88 

4.90 

5.03 

6.47 

4.84 

r.7o 

7.44 

7.31 

6.58 

5.38 

5..50 

5.50 

6.19 

6.41 

6.50 

7.13 

8.05 

6.64 

).25 

8.25 

8.04 

6.78 

6.50 

6.38 

6.10 

6.00 

6.00 

6.09 

6.13 

6.13 

6.V2 

>.13 

5.91 

5.28 

5.25 

5.16 

5.13 

5.13 

5.13 

5.10 

5.00  !  6.00 

5.00 

5.27 

).00 

5.00  i  5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

).00 

5.00 

5.00 

5.00 

5.00 

4.63 

4.63 

4.63 

4.66 

4.95 

5.06 

5.34 

4.91 

5.40 

7.00 

6.44 

5.88 

5.69 

5.17 

5.13 

5.27 

5.56 

.0.63 

5.63 

5.63 

5.79 

).63 

5.56 

5.06 

4.38 

4.03 

3.88 

3.83 

3.60 

3.56 

3.51 

3.56 

3.56 

4.18 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

J.50 

3.33 

3.10 

3.02 

3.00 

3.03 

3.13 

3.21 

3.26 

3.26 

3.27 

3.26 

3.20 

).26 

3.26 

3.27 

3.31 

3.31 

3.31 

3.44 

3.44 

3.59 

3.74 

3.76 

3.81 

3.46 

J.8I 

3.75 

3.72 

3.84 

3.87 

3.97 

4.00 

3.94 

3.96 

3.88 

4.00 

4.00 

3.90 

).88 

3.81 

3.81 

3.81 

3.60 

3.63 

3.69 

3.83 

3.95 

3.88 

3.88 

3.88 

3.80 

L90 

3.90 

3.58 

4.44 

3.37 

3.29 

3.33 

3.56 

3.46 

3.41 

3.29 

3.36 

3.50 

t.36 

3.36 

3.45 

3.62 

3.62 

3.86 

3.88 

3.81 

3.75 

3.69 

3.57 

3.50 

3.62 

J.50 

3.50 

3.40 

3.31 

3.25 

3.25 

3.25 

3.25 

4.25 

4.25 

4.25 

4.25 

3.64 

L28 

4.13 

3.56 

3.31 

3.10 

3.00 

3.00 

3.05 

3.17 

3.20 

3.25 

3.00 

3.34 

M8 

3.47 

3.40 

3.44 

3.44 

3.45 

3.45 

3.50 

3.56 

3.56 

3.56 

3.50 

3.46 

t.42 

3.44 

3.45 

3.47 

3.47 

3.47 

3.47 

3.64 

4.03 

4.19 

4.19 

4.10 

3.70 

L50 

4.50 

3.25 

4.39 

4.81 

5.16 

5.65 

6.00 

6.00 

5.81 

5.68 

5.60 

5.19 

).60 

5.28 

4.53 

4.50 

4.60 

4.45 

4.28 

4.19 

4.19 

4.19 

4.15 

4.06 

4.49 

L06 

4.25 

4.25 

4.25 

4.05 

4.50 

4.00 

4.00 

4.12 

4.13 

4.10 

4.08 

4.11 

J.92 

3.92 

3.92 

3.89 

3.85 

3.85 

3.88 

3.87 

3.85 

3.82 

3.82 

3.82 

3.87 

t.83 

3.83 

3.77 

3.47 

3.23 

3.23 

3.25 

3.25 

3.32 

3.32 

3.32 

3  30 

3.43 

i.28 

3.38 

3.34 

3.20 

3.20 

3.20 

3^0 

3.20 

3.19 

3.20 

3.34 

3.29 

3.25 

J.28 

3.29 

3.30 

3.30 

3.23 

2.31 

3.36 

3.39 

3.50 

3.53 

3.62 

3.63 

3.40 

1.63 

3.63 

3.50 

3.24 

3.22 

3/29 

3.37 

3.40 

3.35 

3.33 

3.33 

3.33 

3.39 

S.33 

3.33 

3.11 

2.78 

2.78 

3.64 

4.58 

4.85 

4.98 

5.22 

5.50 

5.63 

414 

).38 

5.25 

4.63 

4.75 

5.50 

5.80 

6.25 

6.50 

6.75 

7.25 

7.50 

7.13 

6.06 

MO 

6.75 

6.59 

7.20 

7.88 

8.34 

9.78 

10.75 

10.13 

8.90 

8.88 

8.38 

8.39 

J.38 

8.38 

8.63 

8.10 

6.75 

6.25 

6.03 

6.50 

8.32 

8.93 

8.81 

8.25 

7.86 

?.94 

7.75 

s. — We  find  no  reliable  date  on  which  to  found  an  extension  of  the  above 
orther  back  than  1829 ;  but  may  note  the  price  of  coal,  at  intervals,  from  the 
ncement  of  the  anthracite  trade.  Anthracite  coal  was  sold  at  Marieta,  on  the 
hanna,  for  blacksmith  purposes,  at  $8  and  $9  per  ton.  from  1810  to  1814.  In 
slphia  the  first  Lehigh  coal  was  sold  to  Messrs.  White  k  Hazard  in  the  spring 
t  for  $21  per  ton;  and  in  1820  three  hundred  and  sixty-five  tons  were  sold  for 
»er  ton.  From  1822  to  1824  the  prices  of  Lehigh  coal  ranged  from  $8.40  to 
ir  ton,  and  during  1826-27  the  prices  of  Schuylkill  coal  ranged  from  $7  to 
ler  ton. 

above  table  was  prepared  with  much  labor  and  care  by  Mr.  Wm.  G.  Neilson, 
itistical  chart  for  the  use  of  the  American  Iron  and  Steel  Association.  He 
68  to  print  it  in  four  colors  and  handsomely  mounted  on  rollers  for  reference, 
be  issued  in  June. 
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SECTION  IV. 

STATISTICS  OP  PETROLEUM. 

Rock-oil,  or  Petroleum,  has  so  wonderfnlly  and  so  suddenly  assamed  a  promineDt 
position  among  onr  mineral  resources,  for  we  can  assign  it  no  other  position,  thit 
tbe  statician  has  been  nnable  to  keep  pace  with  the  development ;  and,  whilfc  the 
production  has  grown  from  little  to  much,  at  a  rate  beyond  precedent,  the  demand 
and  consumption  has  been  equal.    The  increase  of  this  trade  is  one  of  the  wonden 
of  the  age.    It  reaches  to  almost  every  civilised  city  or  country  throughout  the 
world.    In  almost  every  family,  outside  of  the  cities,  it  forces  its  way  as  the  cheapest 
and  most  pleasing  light  that  can  be  produced,  except  that  from  gas,  and  in  all  the 
trades  and  mechanical  professions  it  has  made  a  footing.    Tet,  within  five  yean,  it 
was  hardly  known  as  an  article  of  commerce ;  bnt,  within  that  brief  time,  it  has 
become  a  leading  article  in  the  foreign  trade  of  the  United  States.    Though  it  has 
existed  in  the  bowels  of  the  earth  for  untold  ages  before  the  creation  of  man,  and 
betrayed  its  presence  by  thousands  of  signs  in  as  many  places,  its  availability  was 
reserved  for  the  present  necessity, — ^the  requirements  of  the  present  times. 

The  production  of  coal-oil  and  petroleum  has  become  a  permanent  pursuit,— as 
much  a  business  as  the  mining  of  coal,  or  the  production  of  iron ;  and  one  that  nut 
continue  to  increase,  but  with  more  reliability  and  practical  knowledge  than  in  the 
past.  While  we  are  supposed  to  grow  wiser  and  more  skilled  by  experience  and  the 
aid  of  science,  we  appear  to  be  less  prudent  and  more  excitable.  The  number  (rf 
dupes  who  were  fleeced  by  the  oil  speculation  are  legions;  yet  the  smallest  amount 
of  prudence  would  have  saved  the  "  sharpest  New  Yorker,"  or  the  "  smartest  down 
Easter*'  from  misfortune  in  courting  the  favors  of  the  fickle  goddess,  called  no  more 
Fortune,  but  Petrolea, 

A  reckless  trust  to  chance  or  luck  was  the  governing  principle  a  year  ago,  in  mak- 
ing investments  in  oil  stocks.  No  gambling  could  have  been  more  precarious ;  be- 
cause both  Fortune  and  Mercury,  the  god  of  rogues,  were  to  be  waited  on  and 
trusted.  More  prudence  and  less  haste  might  have  saved  $600,000,000  to  the  money 
bags  of  capital,  but  it  would  have  been  lost  to  the  barren  hills  of  Venango  and  the 
hungry  speculator.  While  part  of  it  has  been  sunk  in  bottomless  oil  wells  to  the 
vision  of  hapless  stockholders,  it  nevertheless  bore  fruit,  and  has  gone  forth  among 
the  people,  circulating  from  pocket  to  pocket,  building  cities,  railroads  and  engines, 
and  creating  oil  kings  from  the  poor  dwellers  of  those  once  despised  barrens,  now 
ycleped  Petrolea. 

Henceforth,  perhaps,  experience  and  practical  skill  may  be  msuie  useful  in  seek- 
ing for  oil ;  while  science  can,  if  put  to  the  task,  unravel  many  of  the  mysteries 
which  now  seal  those  deep  fountains  of  oil  and  gas  from  the  eye  and  mind  of  thou- 
sands, whose  anxious  ken  would  penetrate  their  secrets.  But  ordinary  prudence 
will  be  sufficient,  if  practiced,  to  make  the  production  of  petroleum  as  certain  and 
successfhl  as  the  mining  of  coal,  or  the  many  mechanical  pursuits  of  the  day.  Those 
who  are  willing  to  risk  a  few  thousands,  with  the  chance  of  realixing  two  or  three 
hundred  per  cent,  may  still  experiment,  as  they  will,  and  with  benefit  to  the  country 
by  new  developments ;  but  those  who  would  invest  in  the  business  with  the  expecta- 
tions of  realising  a  fiur  profit,  will  select  their  territory  with  great  care,  and  sink 
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their  wells  with  economy— perseTering  until  rewarded.  There  ie  a  wide  Md  for  the 
bosiness, — from  the  Northwest  of  Pennsylyania  to  Eastern  and  Western  Kentneky, 
if  not  farther,— and  from  the  waters  of  the  Alleghany  and  Ohio  to  within  a  hundred 
miles  of  the  eastern  escapemennt  of  the  Alleghany  mountains.  Within  this  wide 
area,  there  are  thoosands  of  localities  where  oil  may  be  found  in  paying  quantities, 
and  in  all  probability  some  spots  as  productiye  as  Venango.  Experienced  oil  men 
wfll  not  seek  oil  on  the  tops  of  mountains,  nor  expect  to  find  much  in  the  coal 
measures,  above  the  mill-stone  grit  But,  within  the  territory  mentioned,  there 
are  thousands  of  places,  not  yet  developed,  where  oil  can  and  will  be  found,  with 
remuneration  to  the  finder. 

in  Chapter  XXX,  on  Petroleum,  we  gare  our  views  on  the  peculiarities  of  rock- 
oil,  and  the  ways  and  means  of  judging  of  its  available  existence.  But  we  may  add 
here,  that  the  flow  of  gas  from  oil  wells  ought  to  be  stopped  or  checked,  if  possible, 
both  in  the  course  of  boring  and  afterwards ;  since  there  can  be  no  doubt  but  that 
much  of  the  oH  escapes  in  this  manner,  while  the  gas  is  the  motor  to  force  up  the 
oO,  and  without  it  a  flowing  well  cannot  exi^t. 

Hundreds  of  abandoned  wells  are  still  emitting  gases,  and  thus  tapping  the  sources 
of  supply  and  diminishing  the  ultimate  production.  When  we  say  that  more  than 
kalf  the  oil  escapes  as  gas,  we  are  certainly  within  the  fact,  and  can  give  no  better 
illustration  of  the  waste  than  to  state  that  at  least  3,000,000  barrels  of  oil  are  now 
escaping  per  annum  as  gas.  We  make  this  statement  after  a  careful  examination 
and  a  pretty  careful  estimate  of  the  gaseous  volume  of  hydrocarbon  as  compared 
with  the  fluid.  Much  of  this  waste  can  be  checked  by  a  careful  stopping  of  all 
abandoned  wells,  by  filling  them,  first  with  a  wooden  plug  at  the  depth  of  a  hundred 
feet,  or  more,  and  above  that  with  pounded  earth.  The  flow  of  gas  may  also  be 
diecked,  in  sinking  wells,  by  several  devices  to  fill  the  cavities ;  but  perhaps  the 
best  plan,  where  the  flow  is  great,  will  be  to  reduce  the  g^  to  oil  by  mechanical  and 
chemical  means, — a  mode  of  accomplishing  which  has  been  patented  by  the  writer. 

PEODUCTION  OF  PETROLEUM. 

The  daily  production  of  petroleum  in  Venango  County  is  stated  at  10,000  barrels 
for  1866,  while  the  total  production  of  Pennsylvania,  Western  Virginia  and  Kentucky 
ia  estimated  by  good  judges  to  be  about  12,000  barrels  per  day,  or  over  3,000,000 
barrels  per  annum.    In  the  two  past  years  the  figures  are  thus : 

Production  of  1864 .- 2,130,000 

"  1865 2,232,878 

Estimated  for  1866 3,000,000. 

COMPARATIVE  EXPORTS  OF  PETROLEUM. 

OaU.  Gals.  OaU. 

From.  18<a.  1864.  1S6A. 

New  York 19,674,897 21,382,974 14,393,686 

Philadelphia 4,939,708 7,760,148 12,714,686 

Boston 2,048,720 1,096,307 1,438,978 

Baltimore 1,003,833 929,971 973,117 

Otherplaces 142,261 100,000 

27,667,158  31,261,661  29,720,266 

The  exports  during  1862  were  10,887,701  gallons. 
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STATISTICS  0F  FETBOLEUM. 


We  repablisb,  from  the  New  Ycrk  Skipping  and  Commercial  Lui.  ib» 
from  New  Tork  drniog  1864,  and  points  of  exports. 


from  Hew  Tork 


1464. 
O&ls. 


1< 
0*U. 


I 


FroB  Sow  Tork 


To  Urerpool 734  J55    2.156,851  i  To  Lisbon 167  J96 


2,576,331 

414,943 

71,912 

623,176 


London 1,430,710 

Glasgow,  kc 368,402 

Bristol 29,124 

Falroonth,  EngU   316,402 
Grangemonth, 

England 425,334 

Cork,  kc 3,310,362    1,532,257 

Bowling,£ngland     87,164 

Havre 2,324,017    1,774,890 

MarseUles 1,982,075    1,167,893 

Cette 4,800 

Dunkirk 232^03 

Dieppe 79^81        46,000 

Bouen 143,646 

Antwerp 4,149^21    2,692,974 

Bremen 991,905       903,004 

Amsterdam 77,041  436 

Hamburg 1,186,080    1^66,155 


Rotterdam 532,926 

Gottenburg 33,813 

Constadt 400,376 

Cadis  k  Malaga.  55,674 
I'arragona      and 

Alicante 16,823 

Barcelona 25,500 

Gibralter 69,181 

Oporto 17,474 

Palermo 7,983 

Genoa  &  Leghorn  635,121 

Trieste 165,175 

Alezandria,Egy't  4,000 


4agns 

CUfiA 

757,249         British  Hondnru      6,073  410 

15,104 
88,060  British  West  In's  70,976  60,931 
33,824 

16,995 
33,000         Danish  West  In's       8,463         3L,503 

12,143 
308.450  French  West  In's     16.020  9,104 

2,339  Hayti 7,088         12,064 

57,115         Central  America.         993  456 

399,674         Venezuela 28.583         15,455 

3,000  New  Granada...      56,490       107,837 

59,439 

ToUl  gallons 21,280,489    19,547,604 

AVEEAOB  PRICES  OP  PETROLEUM  IN  1864  AT  NEW  YORK  AND 

PHILADELPHIA.* 


Canary  Islands.. 

Madeira 

Bilboa. 3,500 

China  and    Eaal 

Indies 3,338 

Africa      25495 

Anstralia 377,884 

Otago,N.Z 10,810 

Sidney,  N.  S.  W.     97^80 

Brasil 149,676 

Mexico 112,986 

Cuba 418,034 

Argentine      Re- 
public      30460 

Cisalpine  Repnb- 

Uc 78,553 

Chili 96,650 

Peru 169,061 

British  Honduras  6,073 
British  Guiana..  7,881 
British  West  In's  70,976 
British  N.  Ameri- 
can colonies . .  28,902 
Danish  West  In's  8,463 
Dutch  West  Ind's  26,638 
French  West  In's     16,020 

Hayti 7,088 

Central  America.         993 

Venezuela 28.583 

New  Granada. . .      56,490 
Porto  Rico 20.026 


aouoi 


Crndo. 
(per  gallon.) 

January 31  ^^^  cents. 

February 30^ 

March 81^ 

April 37A 

May 38 

June 44^ 


t( 
(I 
II 
11 


Refined, 
(per  gallon.) 

52}  cents. 
55}      ** 


59|t 

65|t 
77 


11 


II 


II 


It 


Grade. 

(per  gallon.) 

July 52  j\j  cents. 

August 52f 

September  . . .  .46t\ 

October 40} 

November 45^*^ 

December 52} 


It 


II 


II 


<c 


II 


Average  for  1864 41.81 

Average  for  1863 28.13 


(I 


CI 


Beflned. 
(per  gallon.) 

92    cents. 
87} 
85} 
75} 

92ft 
74.61 
51.74 


i< 


ki 


44 


** 


t. 


41 


*  From  Bmla*  Coal  OU  and  Peiroleom. 


DESCBIPTION  OF   FDBNACES. 
Flgort  m. 


ST.  CLAIB  FURNACE. 
JAMKS  LANIGAN,  Pbofrietob,  PoUtviUe,  Pa. 

Thin  rurn&ce  wsa  origioillf  erected  hj  Bnrd  Patteraon,  Giq.,  Tor  the  pnrpose  of 
BBJDg  the  ores  of  the  Anthracite  cokI  mearares,  but  no  proper  or  sfBtemBtic  effort 
hM  erer  been  mode  to  mine  them  with  ecoDom;,  thoagh  the;  ere  eqaally  as  rich 
and  available  as  the  iroD  orea  of  the  Welsh  coal  fields,  and  may,  and  will,  ;et  be 
ased  in  oar  Anthracite  farBaces  as  the  most  jadicions  miitnre  for  the  more  refractory 
magnetics. 

Tbc  iron  ores  of  oor  eo^  meosaree  are  chiell;  the  earbonates,  with  a  small  per 
cmtage  of  the  carbonates  of  manganese,  lime  and  magnesia.  The  amount  of 
metallic  iron  ranges  from  thirt;  to  eiztj  per  cent,  aa  an  average.  The  cost  of  roin. 
ing  these  ores  in  Sonth  Wales  is  aboot  one  dollar  and  fifty  cents  per  ton,  and  the 
cost  of  calcining  less  than  fifteen  cents  per  ton.  With  miners'  wages,  at  donble  the 
Welsh  prices,  onr  ores,  yielding  forty  per  cent.,  may  be  placed  'at  the  rnrnace  for 
$2.60  per  ton.  which  is  mnch  less  than  the  cost  of  magnetic  and  hematetic  ores, 
estimating  a  proportionate  yield. 

The  iron  ores  of  our  coal  meaaares,  therefore,  may  be  considered  of  immense 
htnre  importance  to  the  iron  manufactorers  of  the  Anthracite  regions,  since  it  ie 
not  only  rich  and  accessible,  bnt  inexhansUble. 

&iar  10,000  tons  oT  this  ore,  mined  in  the  vicinity  of  the  St  Olalr  Itamace,  were 
smelted  at  the  Pioneer  furnace,  Pottsrille,  with  the  most  excellent  resnlts,  and  tiie 
metal  was  sold  for  the  prodnotiiMi  of  hollow  ware,  at  nearly  doable  tke  price  which 
common  Anthracite  pig  then  commanded. 

A  revnlntion  is  taking  place  in  the  iron  and  steel  bnsincas,  and  the  old  tedious 
and  costly  proceseea  are  being  overwhelmed  by  new,  dirvot  and  flcoBomical  metiioda 
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In  a  word,  the  pnenmatic  process  is  dow  fairly  established,  and  it  has  been  demon- 
strated beyond  a  donbt,  that  sted  and  homogenous  iron  can  be  mftde  by  this  method 
with  more  economy  than  common  puddled  iron.    These  new  procetMt  can  be  put  in 
operation  at  St.  Clair  with  more  economy  and  profit  than  almost  any  other  part  of 
this  country,  or  perhaps  the  world.    Coal  is  the  largest  item  of  the  raw  material  in 
the  elaboration  of  iron  and  steel  to  its  useftil  forms,  and  here  the  best  and  purest 
coal  is  more  available  than  elsewhere  outside  of  the  Anthracite  regioni.    It  requires 
from  five  to  six  tons  of  coal  to  produce  a  ton  of  iron  or  steel  railf,  while  three  tons 
only  of  ore  and  flux  are  required ;  consequently  it  is  cheaper  to  convey  the  ore  to 
the  cocU  than  the  cocU  to  the  ore.    But  from  one-third  to  one-half  the  ore  may  be 
obtained  from  the  coal  measures  in  the  vicinity  of  the  furnace  with  improvement  to 
the  '*  make ;"  therefore  it  is  evident  that  iron  and  steel  can  be  manufactured  not 
only  with  economy  at  St  Clair,  but  they  can  be  elaborated  to  the  more  neefiol  forms 
with  the  maximum  of  profit,  since  coal  is  the  great  item  in  these  operations,  and 
here  coal  is  plentiful,  convenient  and  cheap.    The  facilities  for  transportation  are 
equal  to  all  the  requirements ;  the  markets,  east  and  west,  north  and  south,  are  open 
by  the  most  direct  routes,  while  the  best  bituminous  coal  of  the  AUeghaniee  is  easily 
accessible  over  the  Philadelphia  and  Erie  Railroad  via  Sunbnry  and  Shamokin,  or 
Catawissa  and  Tamaqna.    Bituminous  coal  is  therefore  more  available  at  St.  Clair 
than  at  Reading,  or  even  at  Harrisburg.    In  foot,  there  is  no  other  locality  where 
the  general  avaOabOities  are  superior ;  where  the  best  furnace  ooala  are  more  acces- 
sible, and  no  other  place  where  the  natural  advantages  of  site,  groud  and  bnOding 
facilities,  are  more  desirable  for  the  manufacture  of  iron  and  steel  thaa  St.  Olair. 

miJVERS'  SAFETT   LAIHPS. 

A  supply  of  Miners  Safety  Lamps  of  the  most  approved  patterns  for  working 
gaseous  mines,  made  of  inspected  wire,  for  sale  bv  the  quantity  or  single  lamp  at  the 
lowest  rate.  Also  gauges  of  iron  or  copper  for  lamps  already  made,  and  wire  gauze 
for  lamps  or  other  purposes,  by  the  roll  or  yard,  always  on  hand. 

B.  BAN IVAlf. 


HENRY  PLEASANTS, 

CIVIL  AND  MINING  ENGINEER 

Snrreys  aod  inspeots  Oolleries,  examines  Mineral  and  Goal  Oil  Lands. 

Office,  BANIVAIV'S  BUILDING, 

POTTSVILLE,  SCHUYLKILL  COUNTY,  PA. 

We  can  eordlallf  endorM  Oen.  Pleanants  as  an  aecomplighed  engineer  in  poMesaion  of  mnch  practical 
idlnlng  experlenee.    Hie  celebrated  Peterebarg  mine  will  be  found  fnllj  illnciratod  on  pe««  61S  and  519. 

~  pTwrSHBAFER, 

GEOLOGIST  AND  ENGINEER  OF  MINES, 

rOTTSTILLE,  FKNIISYLTiHIA, 

(Lats  of  the  PeansjlTania  State  O«ologi«al  Swray), 

EXPLORES  MINERAXi  LANDS,  MINES,  &c 


8.  HARRIES  OADDOW, 


A  long  and  practical  experience  In  tbe  Anthracite  sod  BitUBlnont  Coal  TleMa  and  tba 
Iron  depoBltaof  both  North  and  Sonth,  enable*  me  to  olTer  mj  lerrleea,  eonffdeDtlj,  to  nil 
pei*ODB  IntereMed  In  mineral  Unda,  for  exploring  or  dsTelopbg  the  aame.  In  locattaf 
and  deTeloplng  mlnea,  dealgnlDg  bnprovemeata  and  machlnety,  or  creetlng  Boomerla^ 
Blast  FamBcea,  Steel  Work*,  Copper  FnmaceB,  Ac.,  Ac. 

Also,  for  the  Jndlcioua  selection  of  Oil  Territorj,  and  th«  loeMion  of  OU-Welll,  Ofi< 
Works,  Ac.,  Ac. 

TUB  liitllTBRS'  JOXTIIITA.L.  " 

A  weekly  joarnal  devoted  to  the  interests  of  tbe  coal  trade,  and  for  forty  jewa  tbe 
ftcliDowledged  organ  of  tbe  Aothracite  Miners  and  Shippers. 

Siiham'plion  price  J2.75,  in  advance. 

The  Journal  has  a  large  circulation,  aud  t>  an  excellant  trudinm/or  adverixMen. 
Address 

BEflrjAnm  bahitait, 

Editor  and  Proprietor,  Fottarille,  Fa. 


Maucli  Chunk,  Carbon  County,  Pa. 
Han n fact nrer  of  flat  and  round  iron  and  steel  wire  rope  for  inclined  planes, 
bridges  aod  ship  rigging,  etc.,  etc.    Aod  all  descriptions  of  wire. 

Tbe  folloinng  iDstmctive  t*ble,  fnrnished  bj  Ur.  Hazard,  shows  at  a  glance  tbe 

valae  of  his  wire  ropes  over  cordage,  chains,  Ac.,  Ac,  for  mining  pnrposes  especially. 

Tdblt  of  Relative  Practical  Working  Strength  of  Jtopea  and  Chain*. 
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THE  PATENT  EXHAVST  FAN 

VENTILATOR, 

ISinem,  Tnimela,  and  all  Snbtezraneaa 
Workings, 

J.  LOUSM  B£iU)LG,  Ffttentee,  Adilutd,  Pa. 
J.  E.  SIGFBIED,  Agent,  FotteriUe,  Fa. 

Thli  BTitem  dlffan  rrom  b11  other  appUancea  for  mlDt 
TSDlllallon  In  Kveral  OHntlal  propertlei :  Ist.  It  liaa 
the  advantage  orer  all  the  French  and  Belgian  modet,  in 
greater  ilmpUcltj  of  itjle  and  economj  of  operation, 
tflvln^  fh>ni  Bftj  to  one  hundred  per  cent-  Id  motive  power.  Is  inperlor  In  eyery  r«apaet 
to  the  furnace  method,  and  diffen  from  all  the  BnglUb  mechaalcal  modes  both  In  economy 
and  application.  The  «BotU  ot  the  Fan  are  exerted  entirely  on  the  mine  vapors  In  tbe 
retnm  air  courses,  Ihns  creating  a  vacaom  which  mnit  be  filled  with  pnra  air.  It  !• 
aMlsled  bj  the  weight  of  Che  atmospheric  colunn,  in  direct  opposition  to  the  old  method. 
Id  which  Its  weight,  or  fourteen  pound*  per  square  Inch,  acted  ai^inst  the  ventilatint; 
colnmo.  TblsU  the  great  secret  of  the  InTentloD,  and  both  science  and  ezperleacateachM 
US  that  scarcely  alimlt  can  be  pisoedtv  the  eztencer  power  of  thU  system  of  ventilation. 
The  iDTentor,  Hr.  Beadle,  la  a  pracUeal  miner,  of  long  and  railed  ezperiotice,  and  a 
minlDg  ODgineer  of  great  ability. 
The  following  aztracU  fhim  Dnmemiu  tMUmonlals  ftaUy  endona  tU*  ■jatem : 

"lanrfMlnuTthU  lh««  Is  ao  ayrtiB  if  natUadm,  bb  yit  kaova,  snal  to  the  bbaasS  Ikal 
BBd  BotoBiT  doHll  parfaMlj  tsbIUbIb  a  aaUlHT,  bat  Is  slw  s  Bnat  laTUit  «(  axfSBM,  as  omparad  td 
fnTBSM  or  atMiD  1*1  TaatllBClaB. 


citlllary  I 

1  biTS  ba*B  aoBBaet^ 
»lo«  wBiar  l».Bl  B<*di, , 

.Mhs'wa'SJS™' 
uaiukarMpK 

iLS 

Iha  ibo.a  (Hlckorrl  tMUtrr.  lb«  Fan  hs< 

"W.  H.  IHEAriK, 

( 

Srtrort.) 

a.  Biaiu 

■DSB.J, 

'-IIBffDrd.Iaa| 
If  Dol  the  ODl;  Lna  i 

CSlU*  Bid    A(blBB< 

anlydoulhaFBaa 

[n^tplgsasralsbalDgi 
I,  wa  bsd  irasc  dlHcnll 

J  Wllb  SBlphl 

1  J.  Landau  Basdla'a  KihiBil  Tbb  Ii  IMt  b«>, 

Dra  va  iBlredDaad  It  IbM  our  wlllsriss  al  Vtir 
>rlBai>rWgrk>;b.L>lB«th«m«..     lot 
la  iipaBH  la  BottilBg  M  ill.  as  coBsand  vlUi 

010.  8.  XIPFLIIR, 

.V  tt.  jr««tt -d  x,«s< «- «.!«-<*- 

rtlfr^tbi 


mnruiM,  JRnk  tlH,  IMft. 
I  naad  tha  Pataal  KiliBDit,  or  J.  LoBdaa  Basdli'i  rsa,  bI  nt  Otraid 
rt>  iwrfMt  uLlibctloB  Is  STery  patUDolBr.    I  an  iSUsBed  that  U  la 
ua  ttuii  Kua  .....  yn—^  ajiwa  «.  »an         ag  m  DM.  ^   OiEBIMOK. 

This  system  of  Tentilatlou  is  now  in  snccossfnl  operation  at  the  fcdlowlng  promlnrat 
and  oitenalTe  collieries:  Locnst  Dale,  Keystone,  Plonoer,  New  Boston,  Big  MtDfl  Bnn, 
Locust  MonnUin,  Locnst  Rnn,  Tnnnel,  Gllberton,  Tunnel  Bldge,  Qliard,  Wolf  Creak 
Dlamoad,  Hlekoiy,  St.  Clair  Shaft,  Donean,  Ac. 


GEORGE  W.  SNYDER, 

Tottsville,  Schuylkill  Co,,  Pa. 


Kines,  Goil-Bruken,  Planes,  Out-Fnruces,  IdUajf-llilli,  ete.,  eU. 


"COHlSH-ANB-BDll" 
FmpiMe 

ENaiNES, 

unni  m  rgtcjn 

luTinl  lid  ImC  ApprtTH 
Kiidi,  r»r  litiig  iid 

«lker  piTftK), 

PIPES    CONNECTIONS, 

and  FITTINGS 
FOR  THE  BAMK. 


COAL  BREAKFNGS   ROLLS, 


Ooorgo    W.    Border*!    PotUrllla    roimdrr 


PhirnKTlll*;  IliaCc 
.    )0-tiieli   erlladar,    It 

id)  pump;  ItiflCornliliCiiiidsadngBiiflM 

lu  of  UBlan  Canal  Cg.,  BHr  LobuBga,  r>.,  n-iu 

loaartlwSlaiH;  ■) 


Work!  of  Us 


O-lMh  pitch.    WUUm  woald  all  partlalai  aU«U«B  to  th«  naaaln  aad  •DbaUsUal  Boglua  aad 
Puapa  mow  b*lB(  traeM  fat  th*  Nav  Boatoa  Co«l  ConpaBr,  asd  al  th*  II««  PIb*  Fvnal  tkaff  CoUttrr. 


WASHINGTON  IRON  WORKS, 

JAMES  WREN,  Proprietor, 


fSICMSjaJUX.    IBJSFCk^XJSFJEll 

liiei,  Rilliit-llilli,  lut-FDUca,  Sn-inu,  (W-BIli,  Ic 


Limaa  puupg,  »r  >ii  ii 


^  BSPAIBB,  I 
HsTlDgftTarrlir^kDl , ^  ..,.._. 

Ibli  SiUbllibntiit  It  miblod  la  replug  iilmoit  mn;  pt««  of  m 


Tn  WMRiKimw  tiox  Woni  bu  lans  (dIotoiI  k  falgh  iipBUttia  Im  Iti  ntaUntia  tod  ■■MIto 
DHhanlal  prodnctlotui,  formn-l]'  ondsr  l£*  lirm  gf  Wrtn  *  Bnn. — vhauvftll  pnitlnl  maeliiiilu— and 
mnillr  ondnT  th<  proHBl  proprtetor,  Hijor  Jimea  Wnm,  wtio  vuBaanf  (ha  ol4  Im.  TbaarodngUoBi  of 
ihli  SsUbLlihtnent  on  ba  taan  lit  IhaoolMariMof  Lba  Pnatan  Cottl  *■!  lBVn*Mail  Co. :  Ua  muk  Dluaond 
Coal  mid  Iron  Cn. ;  tha  ICannnoIb  Ttia  Con.  Coal  Co.,  In  Ibe  Mihaur  TDl^;  Of  Ronraalu  Coal  Co. ;  tbr 
Ifoaul  Carbon  Coal  Co. :  tbi  Maoebartai  Coal  Co,  j  Oao.  Joliii'a  *  Bm.,  4^  tka  Palo  tUo  and  Psltnllla 
Rollliis  Hill*. 

Thabnlldlngiottba  Waablngton  Iron  Workaeonitit  or oniaMbla»<ka«  to  X  US tM;  tonidrr,  MsW; 
paltRO-bDOM.  »  ■  8g ;  imllh-iliop,  U  i  M ;  and  oDn,  U  x  IB  (Ml  !■  alaa,  Tba  tooli  an  anmaniH  ud 
pomrfnl.aDdadaplad  toererrilKandilrlaof  warh,rroiBlhfinniall«ilbrMilltlii(tatbah«aT7ca>tlngorii 

IM  hauls  can  IM  amploTod  al  tbaae  Wurki.  Thl>  Krtabllihnanl.  ihareforo,  It'cmpabla  or  maklBK  aiary  claai 
oTBaoblaarj  raqalrad  la  tbi  coal  rtgloni,  orrortha  prodanlon  at  eoal  and  Iron  ganeiaUr.  obtapar  tad  In  a 
non  aabtUslltl  and  aMactlTa  mtnnar  than  (nob  masblnarr  can  ba  proonrvd  OBlilde  of  the  iBltaraalta  Ba(tona. 
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THE.  PIQNEER   FURNACE, 

'  AT  POTintlI.t]B,  *A.t 


Is  tb«  oldMt  Anthraelta 
tmaee  In  tbe  Unit^ 
BtatM,  and,  at  lU  nama 
InpllM,  the  flnt  to  use 
ABtfaraelte  coal  In  this 
eowtfT.  .  It  )•  BOW  in  Uie 

Aixtawi  itt9TB»K.p, 
.  Hainan  ti'SMng  «  btnr 
furnace  adjoining,  and 
who  produce  a  saperlor 
grade  of  pig  irao.  Tha 
FottBvine  Rolling  Mill  la 
alao  owned  and  operated 
by  tlllt  Drni,  who  have 
had  mucb  experience  In 
the  Iron  baslneas,  and, 
prodneing  their  cnm 
metal,  tbey  are  able  to 
tnrn  out  flrat  class  T  ralla 
of  all  sizes  and  patteint 
from  22  10  64  poundi  per 
yard,  at  tbe  lowest  n  r 
ket  prlcci,  and  at  alnrt 
notice.  A  mpjUy  of  ml  it 
raUi  for  wllfery  purpoiri 
il  alMtgi  om  Aoml,  anil 
orders    are   recelred    Tor 


ATKINS,  BROTHERS, 

FotlavUU,  Fa. 


GRANT    IRON    WORKS. 

Rlahanoy  City,  Schuf  Ikill  County,  Pa. 

THOMAS  WllEN,  Proprietor. 

Late  of  the  old  and  well-known  firm  of  WRSD'  ft  BROTHER,  of  the 
WA^mSQTOH  IR05  W01S8,  FOTTSTILLE. 
These  new  works  have  been  erected  with  much  care,  and  proTided  with  the 
latest  ImpTorements,  Tho  long  and  practical  experiencs  of  the  Proprietor  in  tbe 
Iron  bUBiness,  has  enabled  him  to  provide  means  to  produce  all  kinds  of  the 
heaviest  mine  castings,  and  to  select  the  best  modem  took  for  the  production  of 
mining  and  other  machineT?. 

STEAM-ENGINES,  PUMPS,  BREAKERS,  ETC.,  ETC. 

He  Is  now  prepared  to  mannfactare  Steam-engines  of  all  kinds  for  Shafts,  Slopes, 
Planes,  Breakers,  Blast  Pomaces  and  Rolling  UlUs.  Cobnibb  and  Boll  Pcmpus 
Enqinxs,  and  double  and  dngle  acting  Pchfs  of  erery  variety,  for  mining  and 
other  purposes.  Steam  boilers  of  all  kinds,  and  of  the  best  charcoal  iron,  made  to 
order  at  short  notice,  and  caatings  of  all  ^ses  and  descriptions  produced  promptly. 

Bepdrs  of  Colliery  machinery,  or  Engines,  Boilers,  Breakers,  Pumps,  &c., 
attended  to  and  executed  with  the  greatest  dispatch  by  competent  mechanics. 
AddreM, 

THOMAS  WREN, 
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Mahanoy  City,  Pa. 


LANINC  tt   MARSHALL, 

mikokarrc,  iMmrnmt  Co,  Pa, 

FOONDEHS,  EREIIEERS,  IND  BOILER  MK 


MAWVWtCTVMM  ■ 


STEM  EKGIIIES 

of  >II  klndi,  tot  ihafto, 
•lopo,  plsDM,  eomi  brwkert, 
blast  fnmacM,  amd   rolling 


CORHiSH  AND  WLL 
PUMPING  EHGIHES, 

iloniil*  iDd  ilagle  sctlag 
pumpa  of  STwy  Tarletj,  Ibr 
mluloK  BD<1  oiher  s 


CHASSER    MFLLS, 

Tor  Powder  maUng, 


ftii^^ 


Baw  and  Grist  Hilli, 

Railroad  and  Kills 

Can,  etOn  eta. 

FLUE,  TUBUL&S, 
OHiIVDEB  BOILEBB 

or  the  bMt  ftoaaytTaii  ta  ehar- 

,^   coal  troD.  7agot^  sad  ottaw 

foTglngB  of  all    Unda,  and 

IB0N4BRASSU5TIIIGS 

of  erer;  dcacripUon. 


This  establishment  comprises  tools  of  the  largest  capacity 
and  most  efficient  character ;  also  a  great  variety  of  patterns, 
drawings  and  plans,  prepared  for  all  kinds  of  machinery. 

A.  C.  LANING.  S.  R.  MARSHALL. 


In  our  recent  tour  through  the  Coal  regions  we  were  pleased  to 
notice  th©  very  efficient  and  Bubstantial  mining  maobinerj  erected 
by  Mestirs.  Laninq  &  Marshall,  at  many  of  the  mines  in  the 
Wyoming  valley,  but  particularly  at  tbe  Biiltiniore  Coal  Compaay's 
and  the  Wilkeabarre  Coal  and  Iron  Company's  new  improvements. 
Also  a  magnificent  Ghasser  Mill,  at  the  Messrs.  Dupont's  Wapwal- 
lopen  Powder  mills,— each  wheel  of  which  weighs  15,000  pounds. 

S.  H.  D. 


THE  DICKSON  MMMCTURIl  CO. 

Scranton,  Luzerne  County,  Fa., 

HuiEutircn  if  ud  Ittltn  ii 

LOCOMOTIVES 

Statioiiary  Steam  Enpes, 

BOILERS,  CASTINGS, 

^"^^S^Si^S^tS^fe— — -'~'*^*^  --=•  OP  ALL  KINDS, 

Hardware,  Iron,  Steel,  Nails,  Spikes,  Railroad  and  Mine 

Supplies  of  all  kinds, 

STOVES,  TIN  AND  SHEET  IRON  WARE.  GAS  PIPE, 

Brasa  antf  Jro»,  Qas,  Water    and    Steam  FMlngt,  ond    Bngine 
I\tmi»Mng  genvraUjf. 


Tbej paj ptrtlcnIarMtantlon to dwlKiilni;,  eonitmetlDg  and  pntttog op XHTIHQ  AITD 
PtTKPUrO  MACHIireET,  lud  ttom  tbelr  long  Bxporlence  aod  large  anmber  of  patleraa 
on  hand,  tibej  are  prepared  to  fnmlBh  anjthlng  Id  this  line,  wllb  promptnati  and  dlipatch, 
and  In  the  beat  manner. 

RAILROAD  AND  COAL  CARS. 

The;  ara  prepared  to  manDfactare  on  ibori  oottce,  BMrvad  ear*  ot  all  kiada,  from  the 
11  rat  cla«B  paaaangar  oara  to  the  laallaat  mine  oara. 

Planing  Mill  and  Sasb  and  Door  Factory. 


PAr/FAfr  WROUBHTIRON  COAl  BII£AKBIi. 

Thej  call  the  attention  of  the  coal  trade  to  "  DicxaoH'i  Patkut  Wkouobt  Ibon  Coai, 
BaEAiBR,"  the  neweat  and  beat  thing  ont  for  economical  work.  In  thli  breaker  tbe  teeth 
•re  made  on  vrongbt  Iron  ring*  and  are  perfectly  tempered.  The  ring*  are  all  alike,  and 
cut  be  r«raoT»d  and  renewed  at  ple«*nre. 


A  60  HOBSE-FOWEB  BOILEB. 


SIDE  VIEW. 


HARRISON  BOILER  WORKS, 

Gray's  Ferry  Boad,  near  U.  S.  Arsenal, 

3P  IE  n  IIj  ^  23)  IB  Hi  IP  IE  II A  g 


THE  HABRISON  STEAM  BOILEB. 


<l>f  »|«ln,  donbUIIT, 
•■-■rhillwlBut." 

togethcT  by  wnifkl- 


•eanomj  or  fuel  tanlLtlj  ol  tlunlng  aail  mnipwUiUop,  bdI  pomHtd  bf  aar 
It  It  roTinhl  of  4  DonbliubLoi]  of  CHal-lroD  boJLovr  iphtna,  aaeh  od^hl  ^ncbc 

Tbe  formli  tli(  afaroBAHl  poiilklt:  ItoMmutb  talMlitpitMinTtrrnMl.  DSVMksbiid  brsaiicklBC 
ST  rlTMIn*.  wkloh  laHU*  tho  ■ttmilk  sT  nnagkt-Inu  ViIKn  about  foitT  P«  axot  m^trf  Iwlirr  l> 
MaUd  by  feydranlie  praunn  al  MO  Ibi.  lo  (be  iqaan  Incli.    It  vomkoI  bt  ttirH  wultr  any  pnetJiaUt 


allrlbaUd  to  tbu  lauH  (b 


otiioMTj  tnbuLar  or  plaw-irop  bqllir. 


IB  doatnra  Ua  •rna(bt-tt«ii  boUar.  Hsi 

In  sH,  aililDg  tna  tha  Urga  a. 


E^Suti 


FRONT  VIEW. 

itHm  qnlfkl;  from  sold  vitsr,  and  with  Ultla  Fiiel.    It  prodiWM  t«T  drr  nptiliMiM 
I  not  Uahit  to  prlmlnff  «r  fAunliig. 

Inniporlad,  ua  b*  amtod  ia  ordlur^  workiiMi,  4iid  U  r«tdU;  glMacd  Indda  and  bbL 

trr  olKdDUBHCsa  U  I*  k«t  m*  rnm  pafninut  d*pHll  b^  lunlr  blowlni  th*  iriMr 

andw  proHDia,  «b«  ■  wwk.    It  nqnlre*  no  apaeliil  (kill  la  it*  miuigaiiwiit. 

land  part*  «Bb«  (waved  vllhgnotautlttr,*!  IhtT  ar*  snlfvrD  la  (likM  ud  Mm.    ThtfTMtK 

lonof  U*boU«r  will  MTV  BMdnnwaL    It  om  ba  hoMiM  te  Mr  MMI^  »r  tmpl7  t^bw  to 

rldih ;  4Bd,  bHar  K  anHlpUiiMUa  «(■  aaalt  IteM,  lU  •mnfll>  nndu  lb*  BUM. 

e~  I.  aad  UkM  but  «n»Jult  •>!  tb*  i romnd  i 


•atlnlT  ipkit  rrsm  (be  bolln,  tM  irbe 
100  tbi.  Id  th«  iqiikn  lad,  in  utln  1 
H  pnMlnble  to  dsdan  Iha  fln 


■  of  Iba  ordinary  boUar,  wltbosl  bainc 

m,  lum  wu(*  toal-dnat  to  Oa  awt  natlr. 

OBI  Inituoa,  br  the  noeldanUl  rn[iln»  of  a  wnlar-plp*. 
|4  wan  dlMbugad,  sndu  ■  prman  ftaUIr  «»«dlny 

triranniHawi.  knd  aa  mod  m  tbe  nfitand  pip*  mnld  b«  iloMd,  tb«  ballsi  na  nUlad 
.  aold  watari  wlthoat  gi^iog  It  tlma  to  ooot,  ataam  waa  anln  rauad,  and  all  went  on  aa 
Icr  nalalBlni  ao  l^Jnrr-    UiW7  balafatiM  wbM  waoU^T*  bappanad  udar  tba  laflM 
wllb  a  wrondbt-iioD  bollar. 
wrIUag  to  tb*  Ammitait  ^tMmk,  Mr.  HanUok  apKHi  M  hiJom  ef  U»baU«: 

ihuaa  of  tba  Ameriam  AttUaM 
Ir.  Harriaoii,oI 
la  llabia  la  bi 


«,lVabo 


_  , lalabMkded  "  Anotbar  SIMm  Slaajlilar,"  tpan  10  praaanl 

^iBdlDg  tobotlanODBildandntta,  iiinillaBlamadaBr''tb<  eut-lna  boUar  lude  bj  Hi 
Phlladalph!*."  Tod  ut  "tbta  bollar  la  aalai  thaa  anr  aaad  oa  boaa;  bat  oaat-lnn  la  llabia 
attained  bj  <neqiialIt]tariaiB|i«ntnra.and  Ibaralan  elionld  nolbapTafsmd  to  wnni|fat-<ion  for  pi 
(BTTaaaad."  Hair  r«n  of  «I»il«°*  l"  tba  aa*  af  tbia  bailor  baa  tan(hl  aa  tkat,  aa  a  aalarli 
■lakin  buLlan,  uat-trgn  la  (ar  pnAobIs  to  wroubl-lroB,  Bad  (or  It  nataa  wblih  un  t«7  aaal 
DBdentaod.    Gael-Iron  li  not  ■■liable  to  be  ifmlMdbj  iBaqBalltjoTtaraparatni- "    "  ■-  "-<■'-'- 


Di  boilara  li 
ilralBlBi  Bi 
Jl  and  dMl] 


idlj  pioportloni 
Balltj  of  lompa 


to  bo  atraJnad  bf  liMqaalltj  of  lomparai 

tnetan  l>  dntrajod.  Bad  Ihsa  tba  par 

H  on*B  fallowlDg. 

_-b  Bfoim  aa  will  prnonl  bans  la  aaia  of  i 

la  of  tba  baal  qnaJltlH  llaa  In  Ita  glTine:  n 

— '-      ■»  Iha  p«nllar  form  tBWblob  I  p 

plod  1b  anr  way  bj  Dneqaal  arna 

7  Uuiiltf  bagoKlig  a  falig  h 


Bial.  WrvugM-iTDn  Im 
ra,"  and,  bo*  (raotulaa  at  onaa,  |bm 
tbu  etraload  iBarlUbTr  gin  waj— 


iritf  wUeb  maj  lead  K 


WASHINGTON  IRON  WORKS, 

NEWBVBGHf  KRW  TOBK. 


The  sabflcribera  respeetftillj  annoiinea  to  their  fHends  and  the  public,  that  the  abore 
popular  eetablishment  Is  completelj  fhmlehed  with  a  Tery  large  aaeortment  of 

CHOtC£  TO0L8»  PATTEI«lt8«  DRAWtSCS,  ETCt 

▲HD  THIT  AXE  FBBPABBD  TO  tUPFLT,  AT  8ROBT  VOTIOB, 

MARINE  AND  STATIONARY  STEAM  ENGINES  AND  MIIERS, 

High  a$td  XoMr  Brmtmr9f  pf  JBwtrg  DetcripU^mf 

PROPELLER  AND  PROPELLER  ENGINES, 
ImproTdd  Portable  Steam  Sngiaes  aad  Boilers, 

7BOM  9  TO  50  H0B8E  POWSB : 

SnWCANS  ulis  ahd  sugab-bifinik  iachdiebt, 

Including  Vertical  and  Horiiontal  Mills,  for  Horse  or  Steam  Power : 

GRIST  MILLS,  for  WHEAT  AND  CORN,  with  attendant  machinery; 

OANO,  CIRCULAR  and  SASH  SAW  MILLS  of  the  mont  modern 

and    improved    construction;     BRICK    MACHINERY    for 

HORSE  or  STEAM   POWER,  including  Moulding  and 

Tempering  Machines,  Moulds,  Barrows,  <S:c. 

Cast  and  Wrought  Iron  Bridges  for  Railroads  and  Common  Roads; 

STEAM  GiD&KS,  WATER  INDICATOIS  AKD  FIRE  EEGUUTOES; 

SHAFTINGS,  HANGERS,  PULLEYS, 
Pillow  Blocks  and  all  deseriptions  of  Gearing ; 

IRON  AND  BRASS  CASTINGS  IN  EVERY  VARIETY i 

WROUGHT  AND  CAST  IRON  WORK  AND  FITTINGS  FOR  RAILROAD  CARS ; 

WROUGHT  AND  CAST  IRON  RAIUNG  FOR  FENCES,  VERANDAS,  ETC ; 
ARTESIAN  WELL  TUBES,  ETC.,  ETC.,  ETC. 

HOMES  BAMSDELL,  Prest  GEO.  H.  OLAFF,  T^eas. 

JNO.  E.  ATEBTi  Sect.  JOSEPH  BELEHAP,  Snpt. 

L.  C.  WARD, 

:i3  Liberty  Street, 

AGENT  IN  NEW  YORK  CITT. 
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THE  WASHINGTON   IRON   WORKS 

PORTABLE  EN&Dffi  aid  First  Mn  CIRCIILAE  SAW  MILLS, 

Combing  *U  tbi  Xtitrm  ImpnTtmnk  and  its  ttt«d  vllh  ■  Futnit  Qonrnar  ul  Yiln. 

Thv  RolIprMortbeaeeaKlDei  ars  madeartheftfif  JmerUm  Iron,  irith  a  crovn  nbeet 

of  eilra  Iron,  well  lujed,  and  hare  flfteen  feet  of  fire  surfaca  to  each  hone  ponter ;  latyt 

Sbox  for  burning  either  vond  or  coal ;  the;  are  In  tbs  ilyle  of  the  lommotlve  ;  reqaire  no 
■k  work  t  and  can  be  pnl  to  work  In  a  few  lioara  aftar  anirlnc  at  tbelr  deatlnation. 
In  fact,  tbe  eoKlne  and  boiler,  na  now  eonatnicted,  baa  no  anpnlor,  If  an  equal,  aa  a 
motiTe  power.    Tha  otmrM  eare  and  attetitlon  la  given  to  ttw  Btschanlcal  conBtrnetlan, 


Fora  Pump,  Tteo  Baiattct  PtUltj/n,  SmOkt  Pipe,  Safety  FoIm,  Sttom  Oavgt,  CimnicUng  PIpi, 
liftel  of  SuctUm  Pipe/  In  ahon,  erer;  place  of  Iron  work  required  to  render  the  engine 
and  boiler  complete.  I  he  engine  I*  ballt  npon  a  aoUd  bed  plate,  li  complete  of  Itaelf,  and 
cao  be  worked  upon  a  fonndatloti  separate  from  tbe  boiler. 

Kncluen,  all  sln«,  flroin  3  to  40  hone  power,  made  to  order.    Tboae  of  B,  10,  IS,  10 
and  ao  hnree,  are  In  proceiB  of  conatrnaUon,  and  can  be  dellTorad  apon  abort  notice. 

A  track  of  the  Newbarxb  branch  of  the  Ella  Rsllwa^  eonuecla  with  tha  workl,  and 
■blpmenia  are  made  direct  to  Fraaklla,Pa.,  and  BaTenna,  Ohio,  and  Intennedlate  atatlone, 
without  chance  of  cara. 
Tbe  number  mannlactnred,  which  baa  reached  flre  complete  englnea  and  bollera  per  daj. 
It  gnarantao  of  Ita  popolarlt;. 

rlrtlM  of  Saw  Killi,  ud  daran  BaBtm  auih. 

'-'  -'-'-'wbloh  Usui  Id  ooa  piKv),  ^11  Ika  WDrlilniiputi  ua  attaekad, 

ilna.  parfntlr  •olid  itlha  hifbail  apaad  of  Ihoaw,  sad  Jait 
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GLOSSARY. 


kWT.    Water-I«T6l;  a  drain. 

Alpba.    First  anthracite  coal-bed. 

AimoLiHAL.  Convex;  like  the  roof 
of  a  hoose;  strata  dipping  two 
ways. 

ASBMAOSOUS.    Sandy. 

AlQn.l.AC»)U8.    Qayey. 

AUBORAL.  Rogers'!  second  series  of 
PalsBOSoic  strata. 

Axis.  Lines  of  synclinal  or  anti- 
clinal basins,  or  ridges. 

Asoio.    Without  life ;  gneiss. 

Basalt.    A  trap,  or  igneous  rock. 

Babiic.    a  synclinal  trough. 

BiircHXS.  Layers  or  strata  in  a  coal- 
seam. 

BRUION.    liineral  pitch  or  tar. 

Blaokbaitd.  a  rich  carbonaceous 
iron-fitone. 

Black  Damp.    Carbonic  acid. 

Bloom.    A  lump  of  malleable  iron. 

BOAED-Aim-WALL.  An  improTed  mode 
of  mining  coal  (much  used  in  Eng- 
land). 

BooiK.  A  small  hand-car  used  in 
mines. 

Bbbakkb.    a  coal-cracker. 

Bkbabtb.  a  term  applied  to  the 
chambers  in  which  miners  dig  coal. 

Bbmoia.  Rock  composed  of  angnlar 
fragments. 

Bull  Exonri.  Direct  acting  steam 
ponplng-englne. 

Oaimosoio.  Recent  life ;  npper  strata. 
Galamitx.    a  coal-plant  or  fossil. 
Oaloabious.    Rock  containing  lime. 
Oabbobifkbous.    Containing  carbon. 
OoiATB.   Sled  for  transporting  coal  in 

mlneB. 
Gbackxb.    a  coal-breaker. 
OUxp.   Gradual  crush  in  coalnnlnM, 
GfeOP.    Edge  of  the  strata. 

Damp.    Heavy  rajKuc;  carbonic  acid 

DsmTDATioif.  Erosion  of  upper  strata. 
Dbtobian .    Rocks  between  the  Silu* 

rian  and  Carboniferous. 
Dkb.    An  iutrusion  of  trap-rock 
Dip.    Inclination  of  strata. 
Dbill.    a  tool  for  bcHng  a  hole  in 

rock  or  coal. 
Dump.    An  apparatus  for  emptying 

cars. 

Bmabpmxitt.    Steep  slope  of  a  hill. 

**  Vaob.**  The  working  end  of  a  gang- 
way or  breast. 

Vault.  Irr^;ularity  or  disloeatlon 
of  strata. 

VBBMraiMous.  Lnpragnatad  with  iron. 


Fnue-CLAT.    A  pure  clay. 
Fibb-Damp.   Carburcttcd  hydrogen. 
FoBMATiox.    A  stratum,  or  group  of 

strata. 
FOSSIL.   Any  relic  of  plant  or  animal 

in  the  earthy  strata. 
FuB^ACX.    For  ventilating  mines. 

Qa^towat.    The  main  avenues  of  a 

mine. 
Gboloot.    Doctrine  of  the  earth. 
Onkiss.    a  stratiAed  granitoid  rock. 
Gossan.   Oxidized  outcrops  of  veins 

(a  Cornish  term). 
Gbaititx.   a  crystalline,  unstratifled 

rock. 
GBXB5ST0irB.    An  igneous  trappean 

rock. 
G  r  PSUM.  Plaster  of  Paris,  or  sulphate 

of  lime. 

Il£Ai)iN0.  Air-courses  and  cross-cuts 
in  mines. 

Qematitb.  Hydrated  peroxide  of 
iron. 

HoBNBLBXDB.  A  trappean  or  granitic 
rock. 

Hobsbbacx.  a  roll  or  saddle  in  coal- 
mines. 

Htpozoic.  Under  all  life;  the  lower 
metamorphic. 

loifBOUS.    Unstratifled  rocks  formed 

by  heat. 
"  Intazx.^    Downcast  alr^oursa. 

JuBASSio.    A  recent  formation. 

Laminatbd.   Divided  Into  thin  layen. 
LEPiDODBMPBOir.    A  fossil  plant  (so 

named  from  the  Bcale>like  appear* 

ance  of  its  leaf-scars.) 
**  LiPT."    A  set  of  mine  workings,  or 

the  distance  water  can  be  availably 

lifted  by  pumps. 
LCQifXTB.    Wood-coal,  or  foasU  wood. 
Loho-Wall.    a  mode  of  mining  by 

which  all  or  most  of  thm  coal  is 

obtained. 

Mbsoxoio.  Middle  lifb;  one  of  the 
great  dlylsionB  of  fbssiliferous 
strata. 

IfBTAMOBPBiSM.  A  transformation  of 
strata  by  heat  or  chemical  action. 

**  MiiOKO,  U!n>BB."  The  act  of  digging 
under  coal  or  a  soft  strata  in  coal- 
seams. 

Mollusca.  a  soft  animal  devoid  of 
bones,  but  partly  encased  in  shells. 

Gpebatob.  An  arbitrary  term  given 
to  the  anthracite  coal  miners  and 
shippers. 

Palaovtoloot.    Doctrine  of  ancient 


beings;  the  science  of  ancient  ot 

extinct  animal  or  vegetable  foasU 

remains. 
pALjtozoio.    Ancient  life;  the  most 

ancient  or  lowest  great  division  of 

fossilifcrous  strata. 
Pick.  A  tool  for  digging  or  breaking 

coal  or  rock. 
PiLLABS.     Coal  left  for  supporting 

the  roof  in  mines. 
PoBFBTBT.    An    igneous,   volcanic 

rock. 
'^Post-and-Stall."    The  old  English 

name  for  breast-and-pillar  mode  of 

mining  coal. 
Primal.     The    earliest    Palnoaoio 

strata  of  the  Eastern  Appalachian 

Basin. 
Ptbitbs.   a  combination  of  sulphur 

with  other  minerals. 

"  Robbing.'*    Term  applied  to  jdllar 

work, — as,  "  robbing  back.** 
**  Ruif ."    A  mode  of  mining  coaL 

ScHUTB.  An  incline  or  trough  ftnr 
sliding  coal  to  the  cars  or  shipping. 

Sbam.  Thin  layers  of  strata,  espe- 
cially coal-beds,  which  are  erro- 
neously called  veint  in  the  anthnk 
cite  regions. 

Sbction.  Cut  through ;  an  actual  or 
ideal  exposure  of  any  part  of  the 
earth's  crust,  showing  the  strata 
edgewise. 

Shalb.  Argillaceous  rocks  split  off 
in  thin  scales. 

Siuoious.  Flint  (applied  to  rocks 
containing  silex  or  quartz). 

Slats.  Rocks  which  possess  a  rego- 
lar  cleavage. 

Slopb.  a  slanting  shaft  on  the  dip 
of  a  coal-bed. 

Stratum,— plural.  Strata.  Anylsjer 
or  group  of  sedimentary  rocks. 

Stbikx.  The  horizontal  direction  of 
strata. 

Sump.  An  excavation  at  the  bottom 
of  a  slope  or  shaft,  from  which  the 
water  from  the  mine  is  pimiped  to 
thesurlkce. 

STKOLnrAL.  A  basin  or  trough  formed 
by  the  "  dip  and  rise"  of  the  strata. 

Trap,  or  TRappban.   Volcanic  rocks. 

Upcast.  Return  air-course,  through 
which  the  air  or  impurities  ascend 
to  the  surlhce. 

Tbxh.    liflnerals  In  Assures  of  the 
earth.    The  term  Is  not  applicable 
to  coal-beds  or  sedimentary  stntiL 
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Ad  talorkv,  578. 
Alleghany  ooal-fieldB,  306. 

area  of,  319. 

eoal-seams  of,  328. 

identification  of,  328. 

in  Alabama,  353. 

in  Kentucky,  350. 

in  Maryland,  333. 

in  Ohio,  357. 

in  Pennsylvania,  831. 

in  Tennessee,  351. 

in  West  Virginia,  338. 

map  of,  318. 

map  of,  in  Alabama,  355. 

measures  of,  321. 

production  in  Pennsylvania,  331. 

production  of,  in  Alabama,  357. 

production  of,  in  Ohio,  360. 

section  of,  in  Alabama,  356. 

transverse  section  in  Maryland,  333. 

vertical  section  of,  327. 
Alpha,  or  coal-bed  A,  248. 
Ancient  and  modem  formations,  5L 
Ancient  Appalachian,  the,  48. 
Aneient  iron -master,  6134 
Anthracite  coal-beds,  261. 

coal  formation,  77. 

ooal  of.  South  Wales,  145. 

fields  of  Pennsylvania,  156. 
Appalachian  formations,  50. 
Aroadian  coal-fields,  386. 

area  of,  389. 

coal-seams  of,  388. 

map  of,  387. 

measures  of,  389. 
Area  of  anthracite  coal-fields,  127. 

of  European  ooal-flelds,  85. 
Areas  of  American  ooal-flelds,  83. 

of  British  eoal-fields,  84. 

of  British  (N.  A.)  Provinoes,  84. 
Asia,  ooal-fields  of,  92. 
Australian  coals,  93. 

Barclay,  or  Towanda  eoal-fleld,  309. 

section  of,  310. 
Base  radius,  505. 
Beaver  Meadow  basin,  189. 

sections,  190,  192. 
Belgium,  coal-mines  of,  153. 
Bessemer  converter,  644,  648. 

steel,  637,  639. 
Blaek  Creek  ooal -basins,  196. 

vertical  section,  197. 
Blast-furnace,  ftision,  Ao.,  624. 
Blossburg  basin,  312. 

production  of,  314. 

section  at,  813. 
B,  or  Buck  Mountain  ooal-bed,  348. 
Boundary  system  of  mining,  4^,  426b 
Box  cages,  462. 
Breaking  ooal,  477,  482. 
British  eoal-fltlds,  1S8. 


British  ooals,  "potteries,"  147. 

(N.A.)  Provinces,  386. 
Broad  Mountain  basin,  269. 
Broad  Top  ooal-fields,  298. 

ooflJ,  analysis  of,  302. 

map  of,  299. 

mines  of,  303. 

production  of,  302. 

vertical  section  of,  300. 
Buck  Mountain  coal-bed,  194 

Campbell's  Ledge,  163. 
Carbondale  coal-bed,  169. 
Carbondale  district,  16S. 
Catalan,  615. 
Catalan  forge,  614. 
Cementing  furnaces,  635. 
Central  coal-field,  361. 

in  Illinois,  363. 

in  Indiana,  371. 

in  Western  Kentucky,  372. 

map  of,  362. 

production  of,  375. 

vertical  section  of,  363. 
Cheap  labor,  585. 
Cheap  labor  va,  free  labor,  589. 
Clanny,  Dr.,  lamp  of,  442. 
Coal  and  coal-oil,  75. 

arks  descending  the  Lehigh,  116. 

cutting  machinery,  447. 

flora,  the,  64. 

formation,  recent,  46. 

its  history  and  development,  99. 

measures,  the,  43. 

mining,  445. 

oU,  distillation  of,  670. 

producing  countries,  86. 

production  of  Qreat  Britain,  102. 

vegetation  oommenoed,  48. 
Collieries  in  Qreat  Britain,  20. 
Commerce,  606. 
Compromise  Aet,  577.    > 
Conclusion,  671. 
Conglomerate,  Uie,  43. 
Converting  table,  angles,  Ac,  495.. 
Cornwall,  iron  hills  of,  559. 
Creation  of  the  earth,  31. 
Crisis,  flrst,  576. 

second,  of  '37,  577. 

third,  of '57,  579. 
Cuba,  rock-oil  of,  653. 
Cumberland  regions,  S38. 

map  of,  332. 

mines,  333. 
Cumnoy,  606. 

Dar  River  eoal-fleld,  403. 
Dauphin  Fork,  267. 

transverse  section  at,  267. 
Davy,  Sir  Humphry,  IjHiMp  of,  442. 
Deep  Rirer  eoal-fleld,  404. 

map  of,  404. 
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DiAmondy  or  bed  J,  S55. 
Diftmonds,  formation  of,  74. 
Difloovery  of  anthraeite  ooal,  113. 
DiBtribution  of  coal,  82. 
Domestic  debts,  597. 
D,  or  Skidmore,  250. 
Drifts,  or  water-levels,  411. 
Dynamic  yalae  of  coal^  the,  10. 

BcKLET,  coal  measure,  at,  197. 
Eleyation  and  handling  of  coal,  478. 
End,  the,  672. 
England  and  her  resonroM,  S7. 

her  dovclopmeitty  6M. 

her  policy,  560. 

Now,  ooids  of,  383. 

section  of,  384. 
European  coals,  90, 154. 

False  coal  measures,  th«,  41. 
Farmer  and  planter,  585. 
Fault  change  of  horison,  291. 

dirt,  296. 

English  coal-fields,  388. 

in  Diamond  mines,  Hasloion,  287. 

Richmond  coal-fields,  292. 

rock,  293. 

saddles,  or  horsebacks,  201. 

slate,  295. 

slip  dikes,  289. 

trap  dike,  289. 
Faults,  in  coal  measures,  385. 
Fell,  Judge  Jesse,  111. 
First,  or  Southern  coal-field,  221. 

divisions  of,  222. 

topography  of,  223. 
Fixture  at  mines,  477. 
Foreign  debt,  our,  596. 
Forge  and  bloomery,  616. 
Formation  and  origin  of  coal,  63. 
French  coal  and  coal-fields,  149. 
Frostburg  basin,  335. 

production  of,  336,  337. 

sections  of,  335. 
Furnace,  624. 

Qamma,  or  bod  C,  249. 

Qases  and  vapors  in  mines,  440. 

Gate,  or  bed  M,  258. 

Geology,  30. 

Geology  of  Southern  ooal-fleld,  226. 

Qinter,  Philip,  113. 

Gold  V9.  currency,  602. 

Great  Basin,  323. 

Great  Britain,  129. 

Great  Northern  coal-field,  England,  134. 

coal -scams  of,  138. 

collieries  of,  142. 

total  production  of,  141. 
Greenwood,  section  at,  239. 

Haeleton  basin,  193. 

vertical  section,  193. 
Hearth  of  blost-fumaccs,  625. 
Hematitio  ores,  553-568. 
High  prices,  591. 
History  and  development  of  coal,  99. 

of  anthracite  coal,  107. 
Holmes,  or  bed  F,  253. 
Honeybrook  coal-mines,  193. 
Hot-blast  ovens,  626. 
How  to  pay  our  debts,  594^ 
Hugh  Miller,  64. 
Hypothennse  radius,  496. 


iDEimncATioif  of  eoal-beda,  371-38L 

at  Black  Cf«ek,  279. 

at  Hazleton,  281. 

at  Locustdale,  280. 

at  Mahanoy,  280. 

at  New  Boston,  279. 

at  PottoTille,  279. 

at  Scranton,  28L 

at  Shamokin,  280. 

at  Sullivan  county,  281. 

at  Tamaqua,  279. 

at  Wilkesbarre,  28L 
Dlinois,  coals  of,  363. 

ooal  measures  of,  366. 

mines  of,  363. 

PalsBOzoio,  section  o^  364* 
Importation  of  food,  589. 
Index  of  chapters,  7. 
Index  of  illustrations,  15. 
Indiana,  coals  of,  371. 

area  of,  371. 

production  of,  S7S. 

section  of,  372. 
Introduction,  18. 
Invention,  progress  of,  103. 
Iowa,  coals  of,  378. 

area  of,  379. 

production  of,  370. 
Iron,  its  manufaoturc^  610. 
Iron  ores,  531. 

analysis  of,  507. 

in  Maryland,  530. 

in  Missouri,  560. 

in  New  Jersey,  541. 

in  New  York,  544,  646. 

in  North  Carolina,  636. 

in  Pennsylvania,  639. 

in  Virginia,  538. 

Lake  Superior,  546. 

of  Sterling  Mountain,  644. 

of  the  Asoic  rooks,  536. 

of  the  coal  measures,  564. 

Palaeozoic,  553-568. 

Pilot  Knob,  551. 

sedimentary  deposit  of,  533. 

sublimation  of,  534. 

true  veins  of,  533. 

Kanawha  region,  the  Groat,  339. 
coal-seams  of,  342. 
distances  to  and  from,  339. 
iron  ores  of,  343. 
map  of,  346. 
petroleum  of,  349. 
transverse  section  of,  342. 
vortical  section  of,  344. 
Kolly,  William,  st-eel  process  of,  037. 
Kentucky,  coal  of  Eastern,  350. 

production  of,  351. 

section  of,  350. 
ooal  of  Western,  372. 

production  of,  876. 

section  of,  374. 

Lackawanna  region,  168. 
Lateral  contraction,  61. 
Lehigh  basin,  areas  of,  199. 

coal-basins,  187. 

Coal  Mining  Company,  115. 

Mammoth  at,  232. 

production  of,  190. 

region,  the,  112. 

Summit  mines,  231. 

transverse  seotion,  187. 


OENERAI^   1X1>EX  OF  8UBJECTB. 


805 


Lesley's,  J.  P.,  identity  of  ooal-seamsy  329. 
Losquereux'  PalsBontology,  828. 
LimestoDe,  the  Great,  54. 
Location  of  mines,  shafts,  Ae.,  464. 
Locnstdale,  Mammoth  at,  213. 

transverse  section,  210. 

yertioal  section,  212. 
•*  liong  wall"  mining,  432. 
Lykens  Valley,  264. 

Macuinery,  pneumatic,  462. 

pumping,  463. 
Magnetic  iron  ores,  531-551. 
Mahanoy  basins,  202. 

region,  201. 

region,  production  of,  21.*). 

sections,  203,  213. 
Mammoth  at  Locustdale,  213. 

at  Tamaqua,  238. 

Eckley,  197. 

Harleigh,  198. 

Hazleton,  195. 

or  bed  E,  250. 
Map  of  Wyoming  Valley,  166. 
Massachusetts,  coals  of,  382-386. 
Massacre  of  Wyoming,  the,  161. 
Mauch  Chunk,  121. 
Metam Orphic  rook,  34. 
Michigan,  coals  of,  361. 
Middle  coal-field,  201. 
Middle-men,  593. 
Mine  Hill  basin,  246. 
Miner,  Charles,  Hon.,  116. 
Miner,  manufacturer,  and  mechanic,  566. 
Mine  surveying,  491. 
Mining  and  ventilation,  modes  of,  415,  421. 

by  machinery,  106. 

economy,  411. 

machinery,  458. 
Missouri,  coals  of,  37 J. 

area  of,  375. 

geology  of,  876. 

ores  of,  550. 

production  of,  379. 

section  of,  378. 
Mount  Pisgah,  223. 

NAjmcoKE,  section  at,  184. 
Nature  a  busy  worker,  69. 
Neiquehoning  basins  at,  280. 

coal-beds  of,  329. 

Mammoth  at,  230. 

mines,  228. 
New  Boston  basin,  272. 

Buck  Mountain  at,  278. 

Mammoth  at,  275. 

yertioal  section  at,  274. 
Newcastle  coal-trade,  101. 
Newfoundland,  coals  of,  890. 
New  River  coal-field,  406. 

map  of,  407. 
North  Carolina,  coals  of,  404. 

map  of,  404. 
Xorthem  coal-field  in  Michigan,  361. 

area  of,  361. 

or  Wyoming  coal-field,  164. 

production  of,  361. 
North  Mountain  coal-field,  306. 

vertical  section  of,  308. 
Nova  Scotia,  coals  of,  886. 

map  of,  387. 

Omo,  ooals  of,  857. 

moMttres  of,  369. 


Ohio,  production  of,  360. 
Oil-bearing  rocks,  655. 
Oil,  coal,  669. 

distillation  of,  670. 

its  formation,  657. 

its  geological  position,  661. 

localities  and  conditions  of,  662. 

natural  production  of,  658. 

volcanic  influences  on,  658. 
Oil  regions  of  Western  Pennsylvania,  6.'>6. 
Open  quarry,  Lehigh  coal-mines,  118. 
Orchard,  Little,  or  bed  I,  256. 

or  bed  II,  254. 
Outcrop  of  coal-seam,  plan  of,  264. 

strike,  and  dip,  412,  413. 

PALiBOZOio  column,  35. 
Panther  Creek  Valley,  231. 

sections  of,  232. 

transverse  section  at,  231. 
Payment  of  our  war  debt,  695. 
Peunamite  war,  the,  159. 
Permanent  development,  604. 
Perpendicular  radius,  500. 
Petersburg  mine,  518. 
Petroleum,  651. 

available  condition  of,  Ac,  664. 

distribution  of,  668. 

flowing  wells  of,  667. 

gas  wells  of,  667. 

geological  horison  of,  666. 

in  the  East,  661. 

its  geology,  654. 

of  Alleghany  coal-field,  664. 

praotici^  observations  on,  666. 

rooky  strata  of,  655. 
Philadelphia  k  Erie  Railroad,  816. 
Piedmont  coal-field,  402. 
Pitch  Lake  of  Trinidad,  652. 
Pittsburg,  its  industry,  19. 
Pittston  coal-bed,  178. 

district,  175. 

erosion  at,  176. 

sections  at,  177. 
Plans  of  mines,  488. 
Planter  and  farmer,  585. 
Pleasants,  Qeneral  H.,  518. 
Plutonic  rocks,  33. 
Policy  of  the  Union,  572. 
Political  economy,  584. 
Pottsville  basins  at,  242. 

coal-beds  at,  248. 

district,  240. 

transverse  eection  at,  241. 

vertical  section  at,  247. 
Practical  development  of  mines,  460. 

development  of  our  resources,  569. 

illustrations,  587. 

mining,  429. 
Preface,  author's,  8. 

publisher's,  6. 
Preston  transverse  section,  207. 

coal-beds,  209. 
Primrose  at  Tamaqua,  238. 

bed,  203. 

or  bed  G,  258. 
Production  of  the  Northern  coal-field,  186. 
Protection  vs.  free  trade,  574. 
Puddling  process,  628. 

by  machinery,  628. 

improvements  of,  631. 

Railwat,  first,  119. 
Ralston  badn,  312. 


806 


GENKUAL   INDEX   OF  SUBJECIB. 


lUlftoD,  teetioD  ftt,  HI  2. 
lUd  tfhalM,  Umbrftl.  42. 
Kcsuurce*  of  the  Union,  !>72. 
Khode  Ifllaad,  coals  of,  :;kl>-:s86. 
Uiobmond  ooal-fleld,  3Uo. 

coal-seams  of,  ii9:-^99. 

map  of,  395. 

mines  of,  396-402. 

natural  coke  of,  399. 

production  of,  401. 

section  of,  397,  399. 
Sons  in  coal-basins,  271. 
Roek-oil,  654. 

Rooky  Moantain  ooal  formaUons,  88. 
Roond  Moantain,  ores  of,  557. 

Bajtrtt  cages,  463. 
Safety  lamp,  442. 
Bandrock,  coal-bed  N,  260. 
Bohuylkill  region,  125. 
Soientific  mining,  429. 
Soranton,  170. 

coal-bed.  172,  174. 

vertical  section,  171. 
SoTon-Foot,  or  bed  £,  250. 
Shafts,  slopes,  and  tunnels,  414 
Shmmokin  basins,  218. 

coal-trade,  219. 

railroads,  219. 

region,  transyerse,  S14. 

Twin  C  beds,  216. 

rertioal,  216. 
Shenandoah  section,  204. 
Shoemaker,  George,  Col.,  122. 
Sidney,  Cape  Breton,  ooals  of,  390. 
Skidmore,  or  D,  250. 
Slopes,  Ac,  414. 
Slopes,  shafts,  461,  452. 
Smelting  economy  of,  624. 

operations,  621. 
Sovth  American  ooals,  80. 
Soathem  coal-field?,  221, 392. 

geology  of,  226. 

measures  of,  228. 

Sroduction  of,  283. 
[ountain,  ores  of,  568. 
Speoular  ores,  547. 
Steel,  blister,  634. 

cast,  634. 

how  made,  632. 

its  manufacture,  610. 

sheer,  634. 

the  pneumatic  process,  636. 
Stephenson,  George,  442. 
Stone-coal,  first  attempt  to  bum,  123. 
Snperior,  Lake,  ores  of,  547. 
Snrreying  and  engineering,  486-530. 

Ubles  of,  495-505. 

without  the  needle,  491. 
Swatara  district,  261. 

transverse  section  at,  261. 

Tablk  of  dips,  456,  457. 
Tables  and  rules,  466. 

area  of  cylinder,  468. 

expansion  of  air,  468, 

gMee,471. 

gravity  of  water,  468. 


Tablet  and  roles,  iron  wire  rope%  473. 

of  measures,  476. 

of  water  in  a  eylinder,  409. 

power  of  steam-enginea,  4tt6,  467. 

ropes  and  chains,  473. 

specific  gravities,  470. 

steel  wire  ropes,  473. 

strength  of  ropes  and  chain h,  474. 

weights  of  iron,  471,  472. 
Tamaqua,  coal-beds  at,  238. 

district,  234. 

Mammoth  at,  238. 

Primrose  at,  238.  • 

•haft,  236. 

transverse  section  at,  236. 

vertical  section  at,  237. 
Tariff  of  1842,577. 

the  first,  574. 
Tariffs  of  1824-28,  576. 
Tennessee,  coals  of,  351. 

production  of,  352. 

section  of,  353. 
Theories  of  coal  formation,  7S. 
Tracy,  Big,  bed  K,  256. 

Little,  bed  L,  257. 
Trap  dike,  135. 
Travelling  rod,  Ac,  463. 
Traverse  surveying,  521. 
Treverton  coal-seams,  217. 
Tunnels,  slopes,  and  shafte,  414. 

Vapors  and  gases  in  mines,  440. 
Ventilation,  433,  434-445. 

exhaust  fan,  439. 

gas  as  a  means  of,  441. 

mechanical,  438. 

waterfall,  steam-Jete,  437. 
Vertical  section,  Carbondale,  160. 

surveying,  520. 
Virginia,  Eastern,  ooals  of,  396. 

map  of,  395. 
Volcanic  eruptions,  ashes  of.  71. 

gases,  652. 

vapors,  652. 

vents,  60. 

War,  its  protection,. 580. 

Water-blast,  617. 

Wealth  of  nations,  581. 

Western  bituminous  coal-fields,  298. 

Western  coal-field,  area  of,  375. 

coal-fields,  375. 

map  of,  377. 

production  of,  380. 

section  of,  378. 
West  Virginia,  338. 
Wiconisco,  transverse  section  at,  266. 
Wilkesbarre  district,  transverse  section,  179. 

coal-bed,  181,  183. 

vertical  section,  180. 
Wolf  Creek,  Mine  Hill  seoHon,  224. 
Working-man,  the,  592. 
Wyandotte  steel  works,  638. 
Wyoming  Valley,  its  coal,  108. 

its  history,  158. 

topography  of,  162. 
Wyoming,  or  Northern  coal-field,  164. 

region  proper,  178. 


INDEX  TO  APPENDIX 


Appendix 677 

Anthracite  Furnaces 680,  681 

Attthracite  Iron  Trade,  Table  of 698 

Anthracite  Coal  Trade 702,  704 

Alleghany  Coal  Trade,  Field  of 717 

Anthracite  Coal  Trade 720,  721 

Adtbbtibements  : 

Miners'  Safety  Lamps 786 

Henry  Pleasants,  Engineer 786 

P.  W.  Sheafer,  Engineer 786 

B.  H.  Daddow,  Engineer 787 

Miners'  Journal 787 

F.  Hazard,  Wire  Ropes 787 

Fan  Ventilator 788 

Geo.  W.  Snyder's  Machine  Works 789 

Jas.  Wren's  Washington  Iron  Works.  790 

Atkins  «fc  Bro.,  Pioneer  Furnace 791 

Thos.  Wren's  Grant  Iron  Works 791 

Laning  <&  Marshall's  Iron  Works 792 

Dickson  Manufacturing  Co 793 

Harrison's  Steam  Boiler 794,  795 

Washington  Iron  Works,  Nowburg.796,  797 

Wm.  Boell,  Lithographer 798 

Chas.  F.  Noble,  Engraver 798 

W.  A.  Orbeson,  Coal 799 

Geo.  Mears,  Coal 799 

Caldwell,  Gordon  <&  Co.,  Coal 799 

Samuel  Bonnell,  Jr.,  Coal 799 

Cambria  Iron  ^\  orks 800 

Hastings  <&  Co.,  Oils,  &c 800 

A.  W.  Rea,  Engineer 800 

W.  R.  Symons,  Engineer 800 

Henry  C.  Rnssel,  Agent 800 

J.  G.  <b  G.  S.  Repplier,  Coal 800 


B. 


Belvidere  and  Del.  R.  R.  Coal  Trade. . . .  714 

BloBBbnre  Coal  Trade 716 

Barclay  Coal  Trade 716 

Bituminous  Coal  Trade  of  Pa 717 

Broad  Top  Coal  Trade 722 

British  Coal  Trade 728 

Bituminous  Coal  Trade  of  the  U.  States.  723 

Bancroft,  Lewis  &  Co 744,  746 

Barton  Coal  Company 777 


C. 


Conglomerate — a  concretion 677 

Coal  Beds  vs.  Veins 679 

Coke  Furnaces 681 

Charcoal  Furnaces 682 

Consumption  of  Coal  on  the  Transporta- 
tion Lines 710 

Coal  consumed  in  Philadelphia 711 

CatawiBsa  Railroad  Coal  Trade 714 


Coal  consumed  in  Fumacea  and  Rolling 

Mills 715 

Coal  Trade  of  Elizabethport 715 

Cumberland  Coal  Trade 71^  Vli 

Coal  Trade  of  the  World 798 

Coal  Production  per  capital 796 

Capital  invested  in  the  Anthracite  trade.  797 

Canal  Statistics 799 

Colliery  Pay-Roil 780 

Central  Coal  Field,  Coal  Trade  of. 717 

Conner  &  Patterson 780 

Coal  Trade  United  States 795 


D. 


Del.,  Lack.  &  Western  R.  R.  Coal  Trade,  716 

Del.  and  Hudson  Canal  Coal  Trade 715 

Description  of  the  Mines  in  the  Lehigh 

Coal  Basins 781,  7M 

Description  of  the  Mines  in  the  Shamokin 

Regie  n 785,  785 

Description  of  Mines  in  the  Mahanoy 

Region 787,  746 

Description  of  Mines  in  the  Wyoming 

and  Lackawanna  Regions 750,  768 

Description  of  Mines  in  the  First,  or 

Southern  Coal  Field 759,  775 


£. 


Eastern  Group  of  Anthracite  Furnaces,  598 

596 
East  Pennsylvania  R.  R.  Coal  Trade. . . .  715 


F. 

Furnaces,  Upper  Susquelmnna 500,  591 


G. 


Geo.  W.  Snyder 765,  757 

Geo.  W.  Johns  <b  Bro 758 

Great  Basin,  The 760 


H. 


Honey  Brook  Coal  Company 7S2,  784 

Home  and  Colliery,  consumption  of  Coal  780 


I. 


Iron  and  Steel,  Production  of 507 

Iron  Produced  in  1864 590 

Iron  Production  of  Great  Britain 700 

Iron  Production  of  France ..'....  701 

Iron  Production  of  the  World 701 

(807) 


808 


INDEX  TO  APPBNDIX. 


L. 


Ldiigh  Qroop  of  Anthracite  Fomacet,  684 

685 
Lower  Snsqoehanna  Group  of  Fomaces,  688 

689 

Loc«8tdaIe  Coal  Company 746,  749 

Lehigh  Coal  Trade 709 

Lehigh  Valley  R.  R.  Coal  Trade 712 

LHtle  Schuylkill  Coal  Trade 712 

Lehigh  Navigation  Coal  Trade 712 

Lehigh  Coal  District 759 


M. 


Mahanoy  Coal  Trade 706 

Morris  Canal  Coal  Trade 713 

Mining  Track  at  the  Anthracite  Mines. .  739 
Mammoth  Vein  Consolidated  Coal  Co. . .  765 


N. 


Morth  Pennsylvania  R.  R.  Coal  Trade. . .  714 
New  Jersey  Central  R.  R.  Coal  Trade. . .  714 

New  Boston  Coal  Company 774 

New  Hampshire  and  Bait.  Coal  Co 778 


P. 


Plg-Iron,  Production  of 697 

Piiston  Coal  and  Improvement  Co.. 740,  741 

Pine-Knot  Coal  Co 769 

Phila.  and  Reading  R.  R.  Coal  Trade... .  708 

Plymouth  Coal  District 757 

P(BtUville  Coal  District 760 

Petroleum  Statistics,  Ac 782 

Price  of  Anthracite  Coal 781 


Rock  Faults,  How  formed 

Rogers'  Nomenclature,  (Prof.) 79 

Rolling  Mills,  Productions  of 6€S 

RailAfills 694,  699 

Railroads  In  United  States 698,  099 

Railroad  Statistics 7S8 


SUtistics  of  Iron 

Statistics  of  Coal 

Statistics  of  Petroleum 

Steel  Works 68S 

Steel  Manufacturers 696 

Schuylkill  Qroup  of  Anthracite  Furnaces,  686 

687 

Steel  Production  of  the  World 701 

Schuylkill  Coal  Trade 705 

Shamokin  Coal  Trade 707 

Schuylkill  Nav.  Coal  Trade 709 

Serai-Anthracite  Coal  Trade 724 

Statistics  of  the  Anthracite  Mines 726 

Statistics  of  Steam  Power  at  Anthracdte 

Mines 780 

Star  Coal  Company 769 

Slx-Mlle  Run  Coal  Co 779 

St.  Clair  Furnace 786 


U. 


Union  Coal  Company 754, 


W. 


Wolf  Creek  Diamond  Coal  Co 772,  773 

Wilkesbarre  Coal  District 756 


Stanford  umwattv  UbrwlM 

iiiiiiiiiM 

3   6105   032    147    162 


